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e * th ropozoon oses 


Diseases Common to Man and Animals 


FOLKE HENSCHEN, M.D., Stockholm 


Anthropozoonoses, diseases transmitted 
from animals to man and vice versa, have be- 
come an important and fruitful field for the- 
oretical and practical research. 

The term “animal diseases” may possibly 
give rise to false conceptions in that it may 
lead to the idea that “animal diseases” are, 
to a certain degree, entirely distinct from 
“human diseases.” This, however, is by no 
means the case. [Every species of animal has 
its special diseases. The difference between 
diseases of the dog and those of cattle is just 
as great as is the difference between diseases 
of the horse and swine, or between diseases 
of the sheep and man. The morphological and 
functional differences, including the clinical, 
immunological, and pathoanatomical manner 
and do not 


of reaction, are fundamental 


allow generalizations: Every species of 
animal has its specific pattern of disease just 
as does man. 

The pathologic patterns of anthropozo- 
onoses must not be confused with those of 
comparative pathology. There are both analo 
gies and differences between the pathologic 
patterns of man and those of animals, and 
medical pathologists have much to learn from 
veterinary pathology. In this respect, the 
leukemias of different animals, the behavior 
of arteriosclerosis in animals, the different 
forms of pneumonia, the occurrence of hep- 
atitis and liver cirrhosis in domestic animals, 
and the extreme rarity of gastric ulcer and 
cancer in animals are good illustrations. But 


in most cases the clinical and pathoanatom- 
ae 

Naval 
Sept. 31, 1954. 


Presented at the School of 


Bethesda, Md., 


Medicine, 


ical similarities between the diseases in man 
and animals are more apparent than real; it 
is not a question of common diseases because 
the etiological factors are too much disparate. 

Diseases common to man and animals, in 
the strictest sense of the word, are therefore 
solely diseases with common etiology; that 
is, infectious and infestation diseases, trans- 
mitted from animals to man and vice versa, 
The 


very prominent role played by cold-blooded 


and only these will be discussed here. 


animals, such as fishes, molluscs, worms, and 
articulates, as intermediate hosts and vectors 
Before 
entering into details, attention may also be 


can only be mentioned in passing. 


called to the fact that many animals, rightly 


regarded as carriers of infectious material, do 
not show clinical signs of disease; in any 
case, we cannot see whether they are sick or 
not. Such animals are probably simply hosts 
or reservoirs of viruses, microbes, or other 
parasites capable of causing a manifest dis- 
ease in man. 

Anthropozoonoses may be divided into 
eight etiological groups, according to the na- 
ture of the pathogenic agent: I. Viroses; 
II. Rickettsioses ; III. Bacterioses; IV. My- 
coses; V. Spirilloses and Spirochetoses; VI. 
Protozooses; VII. Helminthiases, and VIII. 
Arthropx doses. 

I. VIROSES 

This group is probably only provisional ; 
nevertheless, it may be subdivided as follows : 

1. Neurotropic Viroses—These form a 
large and important subgroup. This includes 
rabies, or hydrophobia. Rabies is one of the 
oldest known diseases of animals. Classical 
Greek authors have given excellent descrip- 
tions of the symptoms in dogs. Roman au- 
thors described, in more detail, human rabies. 
Beside dogs, other animals of the canine 
family, especially wolves, and other carni- 


17 





vores, as cats and jackals,’ may be infected, 
but it may affect any warm-blooded animal. 
Rabies may be transmitted from any infected 
animal to man; in South America, for in- 
stance, from blood-sucking bats, vampires.* 
Rabies has no geographic boundaries, and 
there are only a few countries where the dis- 
ease does not exist; among them are Hol- 
land, Ireland, and Sweden, but in Finland 
cases occasionally occur, due to dogs and 
wolves coming from Russia. For the present 
the 
Eastern 


disease has a great dissemination in 
Western the 


U sited States there seems to have been a 


and Germany. In 
definite increase in rabies in recent years 
particularly in lower animals.* In some of 
the Western states infected coyotes and other 
wild animals make its eradication difficult. 
The virus is constantly found in the brain 
tissue and saliva, less often in other organs 
and fluids. It is not very resistant to unfavor- 
able environments. The preparation of anti- 
rabic vaccine and prophylactic and thera- 
peutic measures cannot be discussed here, but 
it is a fact that many persons bitten by rabic 


animals the 


escape disease, even without 


treatment. 

Poliomyelitis is generally supposed to be 
mainly a human disease, and little is known 
about the role played by animals as reser- 
voirs and transmitters.| However, spon- 
taneous cases of a disease, probably identical 
with human polio, have been observed in 
monkeys; cases are known where persons 
have developed polio after monkey bite.t But 
it is not possible to draw any definite con- 
clusions from these observations. In all prob- 
ability, the human polio virus is only one 
form of a greater group of closely related vi- 
ruses.® The virus is still virulent after 7 to 12 
days in the stomach of lice § and flies.|| Polio 
is a common disease in countries with a high 
hygienic standard; on the other hand, it is 
rare in primitive countries with bad hygienic 
— 


* Hull,? p. 183. 

+ Hull,® p. 470. 

t Koegel,* p. 22. 

§ Koegel,* p. 187. 

|| Paul and co-workers and Sabin and Ward 
(1941-1942), cited by Piekarski.® 
518 
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conditions. During my stay in Egypt 
as a visiting professor of pathology I heard 
little about polio. Poor people in the oases, 
sharing their dirty tents or clay cabins with 
dogs, rats, and lice, are probably all immu- 
nized from early childhood and have no mani- 
fest polio, but, when American soldiers with 
a high hygiene went to these oases, some of 
them fell ill with polio. There are still many 
unsolved problems in this disease. 

The human epidemic encephalitis shows 
many analogies with poliomyelitis as regards 
modes of infection, etc. Also, the neural form 
of canine distemper is rather closely related 
to poliomyelitis, but nobody seems to know 
whether this virus disease has anything in 
common with forms of human encephalo- 
myelitis.{ Nicolle suggested the possibility 
that this disease of the canine family could 
have been primarily a disease of man. 

The various forms of arthropod-borne in- 
fectious encephalitis and myelitis are of great 
interest. In Europe the Borna disease of 
horses in rather well-know: ; it was named 
after a little town in Germany where this epi- 
zootic form of encephalomyelitis was pri- 
marily observed. This disease seems to be 
transmissible to man; during epizootics se- 
vere and fatal cases have, on several occa- 
sions, been observed in man.# The enceph- 
alomyelitis in sheep, also called louping-ill, 
also seems to be able to affect human beings, 
especially in laboratories.* The Siberian or 
Taiga encephalitis is said to be transmitted 


from man to animals, and vice versa, through 
ticks. 
cephalomyelitis, birds seem to be the natural 
reservoirs, and mosquitoes and ticks, the 
vectors. 


In most forms of such infectious en- 


The lymphocytic choriomeningitis virus 
was isolated and described at the National 
Institute of Health in 1934..%* Most persons 
with this disease belong to the poorer classes, 
whose hygiene is poor and among whom lice 
and vermin are common. Transmission from 


{ Muller,’ p. 318. 

# References 8 through 10. 
* References 11 through 13. 
+ Koegel,* p. 25. 
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man to man does not seem to occur: it seems, 
therefore, that mice or rats are the main res- 
ervoir of the virus. 

2. Pneumotropic Viroses.—Of this group, 
epidemic influenza is most important. During 
A., in 1918, 


a similar disease was observed in swine,'® 


the great pandemic in the U. S. 


and Shope ‘*® demonstrated that antibodies 
capable of neutralizing the human influenza 
virus can be present in swine. Human virus 
can easily be transmitted to pigs; the virus 
is of identical size in man and swine and can 
be cultivated on hens’ eggs. All these ex- 
periences strongly suggest a close relation- 
ship, or even identity, between these two 
viruses. Therefore, it is of great interest that 
the virus of pig influenza in Sweden, Great 
Britain, and some other European countries 
According to the 
Swedish bacteriologist Hjarre, the European 


is different in character. 


virus cannot be cultivated and does not pro- 
duce antibodies. Therefore Hjarre called this 
form of disease infectious virus pneumonia, 
not swine influenza.'* 

During four years as a professor of vet- 
erinary pathology I had the opportunity of 
performing autopsies on a large number of 
horses with a similar disease, horse influenza. 
It happened to be in the same years as the 
great pandemic influenza in man. The post- 
mortem findings showed a striking resem- 


blance, with the same necrotic-hemorrhagic 


pneumonia caused by streptococci. There are 
publications of cases of influenza in man, pos- 
sibly transmitted from horses,t but no data 
are available which prove the identity of the 
viruses. 

For another pneumotropic virus data are 
much clearer, namely psittacosis, or better, 
ornithosis, known since 1876 in Europe, 
which occurred after the import of sick ex- 
otic birds, especially parrots. The virus of 
this disease belongs to the biggest types ; it is 
visible in common light microscopes. Newer 
investigations have shown that a great num- 
ber of birds of different genera, such as 
finches, pigeons, gulls, and others, are at- 


TT 


t Muller,’ p. 321. 


All these 
birds can transmit the virus to man.§ 

3. Dermatotropic or Epitheliotropic Vi- 
roses—To this group belong the numerous 


tacked by spontaneous infection. 


forms of vesicopustulous lesions commonly 
called pox diseases. There are in man vari- 
cella and variola (chickenpox and smallpox) ; 
in cattle, vaccinia ; in sheep, ovinia ; in horses 
In birds, the 
corresponding virus causes no pustules but 


equinia; in hogs, swinepox. 


a peculiar epidermal proliferation, epitheli- 
There is no 
reason to discuss here the problem of vac- 


oma contagiosum, or fowlpox. 


cination against variola; I only wish to call 
attention to the remarkable adaptiveness of 
vaccinia to the central nervous system, where 
it may cause encephalitis *° in rare cases. 
There is also a severe generalized form, vac- 
cinia generalisata, especially in children with 
eczema. 

In the hands of milkers, small skin tumors 
called milker’s nodes || are occasionally ob- 
served, even in persons with a history of 
smallpox or a short time after a successful 
vaccination. The virus of this disease there- 
fore must be different from the true vaccine ; 
in American and English literature it has 
been called pseudo-cowpox, in Dutch and 
This 


ease seems to show a certain relationship ** to 


German literature, paravaccinia. dis- 
the next form. 

To the group of epitheliotropic viruses 
also belongs the virus of the foot-and-mouth 
disease, occurring in cattle, but also in sheep, 
goats, and hogs. Infections in man during 
epizootics have been reported, but until re- 


Now- 


adays it seems to be proved that transmission 


cently these cases have been dubious. 


to man can occur in the form of vesicles of 
the 
On the other hand, it is not justifi- 


the mouth and wound infections of 
hands.{] 
able to diagnose every human case of vesicles 
of the lips, the mouth cavity, and the hands 
during epizootics as caused by the virus of 


the foot-and-mouth disease. Man, his dress, 


§ References 18 and 19. 
|| van der Hoeden,?! p. 207. 
{ Thomsen 2° and van der Hoeden,?! p. 216. 
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and shoes play an important role in the trans 
mission of the virus from one cowhouse to 
another. 

4. Hepatotropic V troses. 
also form an important but very disparate 
group. 
place, yellow fever. The virus reservoir of the 


These viroses 


To this group belongs, in the first 


jungle yellow fever # seems to be various 
vertebrates, especially several species of mon- 
keys; also the little monkey of Gibraltar has 
possibly been such a host in the past.* There 
is an essential intermediate host, mostly a 
mosquito, Aédes or Stegomyia. There has 
been much discussion about the geographical 
origin of this disease, whether it is primarily) 
African or American. As a matter of fact, an 
epidemic disease with jaundice existed in the 
West Indies when Europeans went to these 
islands.** Therefore it seems most reasonable 
to assume a very early spread of this dis- 
ease on both borders of the relatively narrow 
South 


brought by weather-driven mosquitoes or 


sea between Africa and \merica, 
aborigines. 

The different viruses in infectious hepatitis 
in man and animals have not yet been fully 
We 
greater detail the different human viruses 
the 


from person to person, but we wish to men- 


investigated.** shall not discuss in 


and commonest ways of transmission 
tion the possibility of transmission by biting 
McCallum ** in 1953. 


A virus reservoir in addition to man does 


insects, stressed by 
not seem to exist, in spite of many different 
The 


Swedish veterinarian Rubarth *’ has studied 


forms of viral hepatitis in animals. 


the etiology of viral hepatitis in dogs, a very 
The 


serological experiences seem to eliminate a 


common disease in Sweden. present 
close biological relationship between viral 
hepatitis in man and animals, especially dogs. 

5. Pantropic Viroses.—This virus is able 
to affect different organs. To this group be- 
longs a rather new, benign viral lymphade- 
nitis, called cat scratch disease (c.s.d.) rec- 
ognized in 1932 7 as a disease entity occur- 

# Soper, F. L.: Jungle Yellow Fever, in Hull,’ 
p. 432, and Piekarski,® p. 590 

* Koegel,* p. 37. 
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ring in persons who had been scratched by 
cats or had had contact with cats.¢ This dis- 
ease seems to have a large distribution in 
America, as in Europe.t Recently Daniels 
and MacMurray reported on 160 cases from 
27 North American states and 8 foreign 


countries.*° Cat scratches and even contact 
with cats are not absolutely necessary; as a 
matter of fact, cats seem to have nothing to 
do with the disease in about 50% of Euro- 
pean cases and in 7% to 8% of the 160 above 
cases. Some time after the inoculation a 
small primary lesion, occasionally with a 
necrotic center, appears, followed a few 
weeks later by a corresponding lymphade- 
nitis. The disease heals spontaneously. Clin- 
ically, one can distinguish several forms *': 
a cutaneous, resembling erythema nodosum 
(mostly preceded by cat scratch); a coital 
form, resembling lymphogranuloma ingui- 
nale; an ocular form; an anginous form; a 
pulmonary type with lung shadow and medi- 
astinal glands ; a mesenterial form with symp- 
toms of appendicitis, and, lastly, a meningo- 
The difficult 
histological diagnosis must be confirmed by 


a skin 


exudate of lymph nodes of cat scratch disease. 


encephalic form. clinical and 


est, with an antigen prepared from 


Also, infectious anemia of horses, a rather 
common and important disease of horses and 
donkeys in many parts of the world,§ as for 
instance, in Sweden, belongs to this sub- 
group. Grooms and veterinarians possibly 
can be infected by the virus, though such 


cases seem to be very rare. 


II. RICKETTSIOSES 

The Rickettsiae can probably be classified 
as being something in between viruses and 
Rickettsial 
transmitted by arthropods from animal to 


true bacteria. diseases are all 


animal, or from man to man.f/ Three of the 


most important rickettsioses have been 


rr 


+ Foshay, L. 
t Debré and co-workers ? 


, cited by Daniels and MacMurray.®° 
8 and Mollaret and co- 
workers.?9 

§ van der Hoeden,?! p. 258 

|| Luhrs, cited by van der Hoeden,?! p. 260, and 
Panisset,®? p. 84. 


{ van der Hoeden,”! p. 317. 
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shown to be separate, but closely related, en- 
tities, that is, 
fever,* and tsutsugamushi disease.t 


typhus,# mountain spotted 
The 
Brazilian and Colombian spotted fevers are 
caused by the same parasite as the mountain 
spotted fever, but transmitted by another 
vector, while murine typhus, Kenya typhus, 
South African tick-bite fever, and the Q or 
(ueensland fever ¢ are caused by other para- 
sites and vectors. The animal reservoirs are 
mostly rats, mice, and other rodents; in the 
South 


and in the Q fever, also cattle. These animals 


\merican and African forms, dogs, 
carried the 8] fever over to Europe. 


III. BACTERIOSES 

Streptococcic mastitis is very common in 
cows. The milk becomes mixed with pus and 
degenerated leucocytes, but generally there 
is no risk in drinking it. Veterinarians as- 
sure that these streptococci are harmless to 
man. On the other hand, we know that 
human streptococci, especially from milkers 
fever, can be transmitted to 


with scarlet 


cows,§ where they may cause true mastitis,| 


and these originally human streptococci may 


infect man. The cow is in such cases, as in 
epidemic sore throat,§/ a kind of reservoir. 
Among the Gram-negative bacilli there are 
numerous representatives which are more or 
Gart- 
Salmonella enteritidis, infects 


less pathogenic to man and animals.# 
ner’s Bacillus, 
many of our domestic animals and is occa- 
sionally very dangerous to man. In Sweden 
and in many other countries other forms of 
Salmonella have been encountered, especially 
Salmonella Breslau, or typhimurium, but 
It is often very difficult or 
impossible to detect the true source of such 
Salmonella epidemics, that is, to establish 


also other forms. 


whether the first case occurred in man or in 
A 


> 


# Dyer, R. E.: Typhus Fever, in Hull,? p. 396. 
* Dyer, R. E., in Hull,? p. 410. 

+ Hull,? p. 422. 

t Hull,® p. 428. 

§ Hull,® p. 486 

|| References 34 and 35. 

{ Hull,? p. 476, and van der Hoeden,?! p. 415. 
# Hull,? p. 154; Koegel,* p. 45, 


Hoeden,?! p. 137. 


and van der 


animals. The frequency of Salmonella infec- 
tions in butchers, in abattoirs, and in cattle 
to be killed varies greatly. In Scandinavia 
and Germany the frequency is mostly low; 
in Holland, Great Britain, and many other 
European countries such Salmonella infec- 
Also, in the United 


States the occurrence of pathogenic Salmon- 


tions are commoner. 


ella strains varies from state to state, and 
from year to year. Intravital infection of 
slaughtered animals seems to be the common- 
est cause; on the other hand, an infection of 
the meat, after slaughtering, by dirty instru- 
ments or by healthy or sick bacilli carriers, 
can often be the cause. In severe epidemics 
mutual infection may easily occur, that is, 
infections transmitted from man to domestic 
animals, and from animals back to man. 

A dangerous infection of foodstuff, animal 
as well as vegetable, is a very special kind of 
botulism, literally translated: sausage pot- 
soning. The disease in man is caused by tox- 
ins of the anaerobic saprophyte Clostridium 
botulinum. Meyer* has listed 367 outbreaks 
of botulism in the United States and Canada 
during the years 1899 to 1946, involving 
1052 cases and 678 deaths, most of them 
caused by home-canned products. Therefore, 
botulism cannot be said to be an anthropozo- 
onosis in the strict sense of the word. 

Excellent examples of infectious diseases 
common to man and animals are the brucel- 


loses,f 


the undulant fevers, with their three 
the Malta 


fever, transmitted to man from sheep and 


main types: Mediterranean or 
goats and described already in classic medical 
literature; further, the hog brucellosis, and 
lastly, the most important one, the cow bru 
cellosis, caused by Bang’s Brucella abortus. 
The Malta type occurs in many subtropical 
countries, also in the Southern states of the 
U. S. A., but Bang’s type is more wide- 
spread, mainly in the Temperate Zones. Be- 
side man, various animals other than the 
cow can be infected, such as sheep, goat, hog, 
horse, rabbit, and guinea pig. Bang’s disease 


in cattle is, next to tuberculosis, the most se 


* Meyer, K. F., cited by Hull,’ p. 504. 


+ Huddleson, I. F.: Brucellosis, in Hull,* p. 94. 
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rious disease in this animal, and Nicolle 
prophesied many years ago that severe pan- 
demics would also occur in man. Happily, 
this did not come true. In Sweden the disease 
has had a considerable spread, but now it has 
In the United 


States undulant fever is largely confined to 


been completely eliminated. 


rural districts where milk is consumed un- 
pasteurized or other contact with animals 
occur. However, many cases have also been 
encountered among urban populations, which 
have caused heavy economic losses and many 
severe and chronic cases of this disease. 

In 1911 McCoy,t in Tulare County, in 
California, described a “new, plague-like dis- 
ease of rodents.” In the following year the 
causative agent was named Bacterium tula- 
rense. However, tularemia is not a new dis- 
ease, as was primarily believed; it is rather 
widespread over the world, but occurring in 
various forms and in different rodents. The 
main carrier of the Bacillus is the wild rab- 
bit, but many other furred rodents are car- 
riers. Man can be infected from all these 
animals, either directly through wounds or 
indirectly through vectors, such as arthro- 
pods. In Sweden mosquitoes seem to play a 


certain role as transmitters.** In man dif- 


ferent clinical forms of tularemia occur, 


some of them closely resembling true plague. 
In 15,525 North American cases the mortal- 
ity rate, up to 1942, was 6.9%. Tularemia 


has much in common with the plague,§ pri- 


marily probably a disease of rodents, espe- 
Al- 
ready thousands of years before the birth of 


cially rats, secondarily a disease of man. 


Christ people in China had observed the ex- 
tremely high mortality in rats before and dur- 
ing plague epidemics. However, the great 
pandemic of the Middle Ages, the Black 
Death, seems to have been an exception: In 
descriptions of those epidemics, coexisting rat 
plague is not mentioned. In the Manchurian 
plague the reservoirs are large furred ani- 
mals, belonging to the rodents. Similar con- 
ditions are known from the steppes in South- 


ern Russia. The classic form in man, the 


t Hull,® p. 351. 
§ Meyer, K. F.: Plague, in Hull,® p. 323. 
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bubonic plague, is mostly transmitted by 
infected fleas, but transmission from man to 
man by lice is also possible. The pneumonic 
type spreads directly from man to man, as 
most other forms of pneumonia. 

An anthropozoonosis of minor importance 
is the erysipeloid, an infectious dermatitis or 
arthritis, due to infection from hogs with 
swine erysipelas,|| red fever of swine. In man 
this disease may become generalized and 
septicemic in rare cases. Erysipeloid is 
mainly a typical professional disease in veter- 
inarians, butchers, and salesmen with small 
wounds on the hands. 

Tuberculosis is without doubt one of the 
most important diseases common to man and 
animals, due to the great economic and med- 
ical problems related to this anthropozoono- 
sis. In this connection one of the main types 
of the tubercle Bacillus is of special interest. 
It is the bovine type.{ The human type may 
infect dogs, and also, exceptionally, cows, 
but this animal has a marked immunity 
against human tubercle bacilli which cause 
only small, nonprogressive foci. The avian 
type can infect man in rare cases but, beside 
birds, only hogs are specially susceptible to 
this type. In Denmark Plum ** found about 
30% 


losis. The frequency of bovine tuberculosis 


avian tubercle bacilli in swine tubercu- 


in human beings is dependent on the inci- 
dence of the disease in cattle and, also, of 
course, on the quantity of raw milk con- 
sumed. Therefore, we find great variations 
in the incidence of bovine bacilli in tubercu- 
losis in man. In this respect, the incidence of 
bovine tuberculosis in Sweden may serve as 
an example. The indigenous Swedish cattle 
races were free from tuberculosis, but with 
the import of breeders from the continent and 
England, more than 100 years ago, a wide- 
spread tuberculous enzootic developed in the 
cowhouses, and as recently as 25 years ago 
there were masses of cases in the cow stalls 
and numerous cases in man. However, the 
fight against bovine tuberculosis has been 


|| Klauder, J. V.: 
134. 


§ van der Hoeden,?! p. 1. 


Swine Erysipelas, in Hull,® p. 
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very successful, and bovine tuberculosis in 
cows will soon be eradicated, as human tuber- 
culosis in man.** In Finland human tubercu- 
losis was common after the war, but bovine 
tuberculosis is rare in man as in cows. Many 
Kuropean countries have a low incidence of 
bovine tuberculosis in man, due to a low 
consumption of milk, especially raw milk, as, 
for instance, France and Italy, while in Swit- 
Netherlands, and 


zerland, the especially 


Germany *° the incidence is high, being in 
Germany 13.6% of all tuberculosis. In Aus- 
tralia the incidence was 12.1% before the last 
war, and in the U. S., 


29 


according to Price * 
(1939), it was 11.7%. The present true pro- 
portion of human infection with bovine ba- 
cilli in this country is, according to Hull ® 
(1947), not fully established, but in all 
probability it is “extremely low, especially 
among children,” and the incidence of tu- 
berculosis in cattle has markedly dropped. 
Verrucous skin tuberculosis of bovine type is 
not uncommon among veterinarians. Thom- 
sen reported more than 60 cases.# 

Dogs with tuberculosis must not be under- 
estimated as a risk of infection. Bjure, cited 
by Urwitz,*® has described a case of tubercu- 
losis in an infant coming from a dog with 


pulmonary tuberculosis. Urwitz ** has re- 


ported five cases, four of them in children. 


The source was a dog with prostatic tuber- 
culosis. In all cases bovine bacilli were dem- 
onstrated. 

Certain conclusions as to the type of bacilli 
present can be drawn from the localization of 
the lesions. If one finds older tuberculous 
foci in the cervical or abdominal glands, 
eventually coexisting with more recent foci 
in other organs, bovine bacilli are strongly 
suggested. On the other hand, it is unsafe to 


diagnose bovine bacilli on the basis of the 


macroscopic or microscopic appearance of 


the foci and the spread of the tuberculous 
lesions in the body, as some pathologists tend 
to do. Present immunological conditions may 
be more responsible for the manner of tissue 


reactions than the type of bacilli. 


# Thomsen,?3 p. 738. 


Is leprosy an anthropozoonosis? Probably 
no. Buffalo leprosy and rat leprosy have 
nothing in common with leprosy of man; 
there seem only to be slight morphological 
resemblances.* 

The horse and ass disease glanders,f or 
farcy (malleus), has long been described. 
There is a certain risk for man to be infected, 
especially throug; wounds and by eating 
horseflesh not sufficiently cooked. During 
World War I there were several such occu- 
pational and other cases in Germany, and 
especially in Russia. 

Also anthrax, or malignant pustule,t is a 
very “old” disease and has probably already 
been mentioned by Moses and the classical 
Greek Anthrax 
in all parts of the world, but it is a rare dis- 


medical authors. occurs 
ease in many countries with good hygiene. 
Practically all domestic animals can become 
infected, but sheep and cattle are the chief 
carriers of the disease. Human anthrax infec- 
tion is mainly occupational, especially in peo- 
ple working in the leather trade and in tan- 
ners, but, as the spores are extremely resist- 
ant, isolated cases occur which are caused by 
hairs in rugs or shaving brushes inadequately 
sterilized. Many such cases were observed in 
England, the U. S., and other countries. 

The large group of gas-edema diseases, gas 
gangrene and malignant edema, caused by 
spore-forming bacilli, can only be mentioned 
in passing. These are diseases common to 
man and animals, but transmission from ani- 
mal to man, and vice versa, does not occur. 
Their spread in Nature, the resistance of the 
spores, and their virulence to man and ani- 
mals under special conditions are so well- 
known that they do not require further com- 
ment. 

Another spore-forming Bacillus, Clostrid- 
tetani,§ general intoxication, 
especially from wounds infected with other 
especially 
Horses and sheep are the most susceptible 


ium causes 


micro-organisms, streptococci. 


* Muller, R., according to Koegel,* p. 67. 

+ McGilvray, O. D.: Glanders, in Hull, p. 119. 
t Smyth, H. F.: Anthrax, in Hull,’ p. 99. 

§ Hull,? p. 509. 





resistant 
soil and 
derive partly from horse manure. Tetanus 
infection in man was rather common in 
World War I; in World War II the disease 


was controlled by administration of toxoid. 


domestic animals. The extremely 


spores are abundant in fertilized 


3efore discussing the next main group, 
something may be said about diphtheria as 
an anthropozoonosis. Numerous epidemics of 
diphtheria spread by cow milk have been re- 
ported. However, in many of these epidemics 
the contamination of the milk occurred from 
carriers of the Bacillus after milking,|| but 
there are also cases where true diphtheria 
bacilli have caused necrotic processes in the 
teats or udder of the cows.*® On the other 
hand, udders and teats can be affected by 
diphtheria-like organisms which are harm- 
less to man. 

IV. MYCOSES 

The next group of anthropozoonoses needs 
only brief discussion. Pathogenic fungi are 
widespread in Nature, and many fungous dis- 
eases are common to man and different ani- 
mals.f Yet, transmission from animal to man 
seems to be rare. Incidentally, I saw, a few 
months ago, a case of severe skin infection 
in a scientist, diagnosed as dermatomycosis 
and possibly transmitted from guinea pigs, 
his laboratory animals. Such superficial fun- 
gous skin diseases, transmitted from animals, 
may occur, and there are several such in- 
stances described in the literature, but criti- 
cal analysis of the cases is mostly lacking. 
Different forms of ringworm, trichophytosis, 
transmitted from animal to man, have also 
been described in detail. Thomsen reported 
no less than 159 cases among veterinarians, 
mostly after rectal examination or obstetrical 
aid in cows, but also from horse and swine.# 

Histoplasmosis, torulosis, and coccidioido- 
mycosis occur in both man and animals, but 
little is known about identity of the strains 
transmission, Also, in 


and actinomycosis 


|| Hull, p. 493. 

{ Weidman, F. D.: Fungous Diseases, Hull,’ p. 
306. 

# Thomsen,?* p. 731. 
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there is no reason to suspect transmission 
from or to man. 

Aspergillosis of the lungs in man is said 
to occur among French pigeon breeders who 
feed the animals with the mouth. Moniliasis 
of the lungs is mentioned in caretakers of 
pigeons.* Birds have occasionally aspergillo- 
sis or moniliasis in their air sacs. 

The Haverhill fever ¢ is caused by Strep- 
the 
group of Actinomycetales. The reservoir ani- 


tobacillus moniliformis, belonging to 
mal of this micro-organism is the rat. Trans- 
mission to man can occur through rat bites 
in isolated cases, but epidemics arise from 
raw milk, which has probably been polluted 
by rats. 


V. SPIRILLOSES AND SPIROCHETOSES 
These form a large and interesting group 
of anthropozoonoses. The rat-bite fever t is 
transmitted from rats and other small wild 
animals, as well as from cats. It is caused 
by Spirillum minus or Spirochaeta morsus 
muris; the Japanese name is sodoku. This 
disease has a world-wide distribution, and 
transmission to man through rat bites or cat 
scratches is known to occur in all countries. 
Rats and cats do not show any clinical signs 


of disease, but in man symptoms can be 


rather alarming. 

Spirochetofusiform gangrene occurs both 
in man and animals, but transmission from 
or to man does not occur. 

Relapsing fever,§ or febris recurrens, oc- 
curs in two forms: the endemic, transmitted 
to man by a tick, Ornithodoros, from the 
reservoirs, wild rodents and other animals, 
and the epidemic form, transmitted from 
man to man by lice. This disease is caused by 
several closely related blood spirochetes, 
mostly called Spirochaeta obermeieri. 

Rats are also the main reservoir in Weil’s 
disease, spirochetal jaundice,|| or ictero- 
hemorrhagic leptospirosis, but also dogs and 


cats, infected by eating rats, seem to play a 
* Jungherr (1933), cited by Levi.* 
+ Hart, A. D., cited by Hull,® p. 385. 
t Hull, p. 375. 
§ Hull, p. 388. 
|| Hull,? p. 363. 
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certain role. Infection can occur in industrial 
occupations, by water accidents, and by 


swimmers in long and close contact with pol- 


luted water containing rat urine or dead rats. 
In a related form, the Stuttgarter Hunde- 
seuche, Stuttgart dog disease,f/ the pathogenic 
agent has been called Leptospira canicola. 
This form seems, in some countries as in the 
United States, to be as common as the first- 
mentioned form, or even commoner.# 
Lastly, something may be said about the 
most important representative of this group, 
the spirochete of syphilis, Treponema palli- 
dum. The old world, Europe, Asia, and 
Africa, was free from this disease until Co- 
lumbus’ return from the West Indies. On 
the other hand, typical syphilitic Indian 
skulls and other bones with syphilitic lesions, 
all dating from the pre-Columbian time, have 
been found in South America and, recently, 
in Mexico.** It seems, therefore, reasonable 
to call this disease American. However, Rus- 
sian scientists have raised objections against 
this theory, stating that the primary focus of 
syphilis was probably the most northeastern 
part of Siberia,* not far from Bering Strait, 
and that the disease was carried over to 
North America by the ancestors of the In- 
dians. In South America people tell that 
Indians have been infected by sexual inter- 
course with llamas, but there is nothing to 
prove this animal origin. However there are 
scientists who believe that syphilis has been 
sarly prehistoric 
time, with a vector transmitting the microbe 


an anthropozoonosis in 


to man. 
VI. PROTOZOOSES 


The and miscellaneous group of 


protozooses cannot be discussed here in de- 


great 


tail. Flagellates are common parasites in both 
wild and domestic animals as in man. Leish- 
manias, the agents in kala-azar, oriental sore 
and Aleppo button, have reservoirs in dogs. 
In some forms and some countries, also, ro- 
dents can be reservoirs. The vector is the 


sand fly 


{ van der Hoeden,?! p. 282. 
# Koegel,* p. 88. 


* Holsti, O.: Personal. communication. 


In trypanosomal diseases several wild and 
domesticated animals constitute reservoirs. In 
African sleeping sickness the parasite is 
transmitted by tsetse flies, while the agent of 
Chagas’ disease in Central and South Amer- 
ica, Trypanosoma cruzi, is transmitted by 
blood-sucking bugs. Reservoirs are dogs, 
cats, and numerous wild animals. Intestinal 
flagellates, as Trichomonas and Lamblia, 
seem to have dogs and cats as reservoirs. 

Amebic infections belong to the most wide- 
spread diseases in tropical and subtropical 
countries. Amoeba histolytica is transmitted 
from man to man, but the spread is also 
promoted by dogs, cats, and monkeys. 

Among the protozoic diseases the differ- 
ent forms of malaria are most important, and 
there are few, if any, other infectious dis- 
eases comparable with these protozoiases, 
transmitted by the mosquito Anopheles. It 
is, however, not necessary to discuss them 
in more detail here: Malaria is scarcely an 
anthropozoonosis. Apart from man, there 
are no reservoirs known.f Monkeys have 
their own special forms of malaria, but these 
are not pathogenic to man.t Possibly they 
may be regarded as biological variants of 
human parasites.§ 

Only a few words can be said about toxo- 
plasmosis,|| probably a protozoan infection. 
Toxoplasmal infections are cosmopolitic and 
occur in man and a great number of different 
animals. The reservoir animal in human in- 
fections seems to be the dog. Dog owners 
and veterinarians show, at times, positive 
Toxoplasma complement-fixation reaction, 
although the infection mostly remains latent 
in adults. Dogs may show intestinal and liver 
lesions. The complicated lesions in newborn 
infants are beyond the scope of this paper. 

Of the Ciliata there is Balantidium coli,{ 
a dangerous colon parasite of man, especially 
in warm climates. The parasite is common 
in the colon of pigs and monkeys. In coun- 


+ Hull,® p. 292. 

t Koegel,* p. 99. 

§ Piekarski,® p. 177. 
|| Koegel,* p. 231. 

{ Koegel,* p. 102. 





tries with good hygiene this parasite is eradi- 
cated. 
VII. HELMINTHIASES 
These diseases, caused by parasitic worms, 
form an extremely large group, including a 
There 


are three subgroups of helminthes, that is: 


great number of genera and species. 


trematodes or flukes, cestodes or tapeworms, 
and nematodes or roundworms. 

There are two biological types of trema- 
todes, the blood flukes the intestinal 
flukes. In blood flukes, the larvae, called 
cercariae, let their intermediate host, a mol- 


and 


lusc, penetrate the skin of man or that of 
higher vertebrates and develop to an adult 
animal in the portal blood stream. The eggs 
are evacuated in the urine or feces of the 
host. 
cally most interesting are the Bilharzia para- 


The most important and also histori- 


sites, Schistosomum haematobium and man- 
soni, discovered about 100 years ago by 
Bilharz. The eggs have been found in old 
Egyptian mummies, and these parasites still 
play a most important role in Egypt's pathol- 
ogy, as I could observe as a visiting professor 
in Cairo. The yearly inundations of the Nile 
cause relapses and new cases. The role of 
these parasites as carcinogenic factors can 
only be briefly mentioned. Schistosomum 
mansoni is also common in tropical South 
\merica. Infestations with Schistosomum 
japonicum in Eastern Asia develop in many 
respects in a similar way; this animal has 
reservoirs in many different animals. 

flukes 
fish; insufficiently cooked fish can transmit 


Some intestinal live as larvae in 
them to man and animals. Important repre- 
sentatives of these flukes are the Siberian 
and Chinese species of Opisthorchis, both 
Other flukes, as 


the very common Fasciola and Dicrocoelium, 


with a carcinogenic effect. 


infest cattle and sheep eating fresh grass 
with molluscs containing cercariae. These 
flukes invade the liver ducts. They are rare 
in man. I have seen only one case. 

Of cestodes, tapeworms, the broad fish 
tapeworm, Diphyllobothrium or Dibothrio- 
cephalus latus, is the most important in some 


526 


A. M. A. ARCHIVES OF PATHOLOGY 


countries, as in the North of Finland and 
Sweden, where they may cause a form of 
pernicious anemia.** The larvae live in sev- 
eral fresh and brackish water fishes. Domes- 
tic animals are hosts or reservoirs in some 
other important tapeworms, Taenia saginata, 
the beef tapeworm of cattle; Taenia solium, 
the pork tapeworm, and Taenia echinococ- 
cus, the small worm infesting the small in- 
testines of the dog and other canines. The 
eggs develop to big tumor-like echinococci in 
different and herbivorous 


organs of man 


animals. 

The big group of nematodes, roundworms, 
have several very important representatives. 
Trichinella spiralis, the Trichina worm# 
infests man via raw or insufficiently cooked 
hog meat containing encysted larvae. Care- 
ful hog meat control has eradicated Trichi- 
nella in many countries, while in others, for 
instance, the U. S., infestations still occur. 


3rooks and co-workers estimate the fre- 


quency in the U. S. A. and Canada to no less 
than 21,100,000 cases and in Europe to 


3,900,000 cases yearly. Most of them are 
mild.* Beside hogs, some wild animals, espe- 
cially foxes and bears, may be suspected of 
being hosts. There are in Sweden several 
cases of trichinosis caused by eating bear 
the rat, from 
which foxes and bears may be infested. In 
to 77% of killed rats 
contain muscle Trichinellae. Examining 100 


meat. Another reservoir is 


some countries, 55% 


wild rats in Stockholm, I was not able to 
find any cases there. 
The 


americanus and Ancylostomum duodenale, 


commonest hookworms, Necator 
are rarely found in reservoir animals ;+ but 
in other tropical forms, dogs and cats are the 
host animals.t In some regions hookworm 
infestations are very common; in some dis- 
tricts every third person is a worm carrier. 
iceemeemammainins 

# Faust, E. C.: The “Trichina” Worm, Trichi- 
nella Spiralis, in Hull, p. 293. 

* Brooks, Ward, and Holder (1948), cited by 
Piekarski,® p. 262. 

+ Faust, E. C.: Hookworms and Their Allies, in 
Hull, p. 296. 

t van der Hoeden,?! p. 341. 
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There are several other roundworms of in- 
terest in this connection, but the mentioned 
examples will be sufficient. 


VIII. ARTHROPODOSES 


These form the last great group of animals 
causing diseases in man and animals. These 
arthropodes play such an important part as 
carriers of microparasites and direct agents 
in disease of man that it would be possible 


to fill pages and pages with this subject. 


300ks of travels describing the wildernesses 
of tropical America, Asia, and Africa give 
a certain idea of the variety and pathogenic 


significance of these animals. 


COMMENT 

The subject of anthropozoonoses is too 
vast to be dealt with in a short review such 
as this, which can only give an idea of this 
very interesting biological and medical field. 
There are many problems still unsolved, 
both biological and hygienic, and it is easy 
to forget, in countries with a high social and 
hygienic standard, that our problems are 
exceedingly few and unimportant as com- 
pared with the enormous difficulties prevail- 
ing in other countries where the majority of 
the population is living under deplorable 
social and hygienic conditions, and where 
perhaps more than 50% of the inhabitants 
always are afflicted with acute and chronic 
disabling diseases of infectious or infestation 
character.** 

Karolinska Sjukhuset. 
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Pathology of Cerebral Palsy 


Il. Cerebral Palsy Due to Encephaloclastic Processes 


ABE TOWBIN, M.D., Columbus, Ohio 


The pathologic processes of cerebral palsy 
are of three basic types: The developmental 
type represents a group of cases in which the 
defect in the brain is due to an arrest in or- 
ganic growth and differentiation ; in the sec- 
ond type, encephaloclastic lesions occur as a 
sequela of an antecedent systemic disorder 
such as erythroblastosis fetalis or prolonged 
neonatal anoxia; the third type of cerebral 
palsy follows in the wake of mechanical in- 
jury or other local encephaloclastic process 
originating intracranially.1 The underlying 
defect of the brain in cerebral palsy is in- 
curred during fetal or early infantile life. 
The pyramidal and extrapyramidal systems 
are principally affected; lesions created in 
the motor area, at the cortical or subcortical 
levels, are associated with spasticity clini- 
cally ; lesions formed in the basal ganglia are 
generally related to athetosis clinically. 

The developmental type of cerebral palsy 
is the result of a hereditary or induced form- 
ative defect of the brain. Induced develop- 
mental known to result from 
during 


defects are 


maternal rubella occurring early 
gestation; malformations may also be pro- 
voked by exposure of the embryo or early 
fetus to other conditions of stress. It is likely 
that developmental defects of the brain re- 
lated to cerebral palsy are induced; few are 
hereditary. Analysis of developmental forms 
of cerebral palsy has been presented in a 
previous report. The present report deals 
with the other two types of cerebral palsy: 
the form which results from encephaloclastic 
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lesions related to systemic disorders of the 
fetus and newborn infant and the type asso- 
ciated with encephaloclastic defects of local 
intracranial origin. 


SYSTEMIC DISORDERS OF THE FETUS AND 
INFANT 
CEREBRAL 


NEWBORN AS A CAUSE OF 
PALSY 

During late fetal life and in early infancy, 
pathologic states of systemic nature may 
provoke irreversible cerebral changes. Three 
bodily disorders related to birth are of immi- 
nent importance as a cause of cerebral palsy: 
anoxia, prematurity, and erythroblastosis 
fetalis; lesions of the brain created by these 
conditions ignite the processes of cerebral 
palsy and other chronic neurologic disorders. 

Cerebral palsy is sometimes attributed to 
other bodily disorders of the fetus and new- 
born infant. Syphilis, transmitted to the fetus, 
may cause severe deterioration of the brain; 
clinically, disturbances of the motor mecha- 
nism and other neurological symptoms ap- 
pear. the manifestations of 
cerebral palsy may, on occasion, be attributed 
to syphilis. 


Accordingly, 


In addition to infectious processes, meta- 
bolic disorders of infantile life, such as Tay- 
Sachs disease and other lipoidoses, affect the 
nervous system and may produce manifesta- 


tions of cerebral palsy. Of the various sys- 


temic processes responsible for cerebral palsy, 
anoxia, prematurity, and erythroblastosis 
fetalis predominate; these mechanisms are 
commonly met and warrant detailed consid- 
eration. 


NEONATAL ANOXIA AS A CAUSE OF CEREBRAL PALSY 


Little’s clinical observations led him to 
opine that, with rare exception, cerebral palsy 
was due to complications of labor and that 
the factor common to all cases was asphyxia.” 
In the light of present-day investigative find- 
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ings, this extreme formula requires some 
modifications ; it is evident that in addition 
to asphyxia many cases of cerebral palsy are 
attributable to primary developmental dis- 
turbances, some to systemic disorders such 
and others to 


as erythroblastosis fetalis, 


cerebral damage of local intracranial origin 
such as meningeal hemorrhage. However, 


there is mounting evidence in support of 
Little’s basic premise that asphyxia at birth 
is a most significant cause of cerebral palsy. 
1938 called 


with 


Schreiber * in attention to the 


frequency which neurologic defects 
developed in infants subjected to serious 
birth. 


due to complications of parturition is gen- 


oxygen want at the time of Anoxia 
erally conceded to be the most frequent cause 
of death in the newborn period. The influence 
of neonatal asphyxia on the incidence of 
cerebral palsy was demonstrated by Lilien- 
feld and Parkhurst,‘ who showed that the 
incidence of cerebral palsy was above aver- 
age in families which had a high incidence 
of neonatal deaths in siblings. Other investi- 
gators have likewise concluded that anoxial 
states occurring at the time of birth in a 
significant measure sow the seeds of cerebral 
palsy and other persistent neurologic dis- 
orders. Faber,° in a study of 99 patients who 
developed cerebral palsy, epilepsy, and other 
neurologic defects, reported that there was 
evidence of neonatal anoxia due to placental 
defects in 20% of the cases. Evans ® calls 
attention to the frequent history of neonatal 
anoxia in cases of cerebral palsy, particularly 
in the athetoid group. 

The morphologic changes in the brain 
which result from anoxia are per se not spe- 
cific; other etiologic processes may create 
changes in the brain which closely mimic 
the effects of anoxia. Only by close correla- 
tion of clinical data and autopsy findings in 
a given case can the association of anoxia 
and cerebral palsy be established. To the 
fetus in utero, as well as to the newborn 
infant and to the adult, asphyxia is a systemic 
disturbance. Generalized anoxia subjects 
every organ and every tissue of the body to 
both the 
parenchymal elements and the blood vessels 
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stress. Anoxia directly affects 
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of organs. Deprived of oxygen, the tissues 
of the body undergo, first, parenchymatous 
and fatty degeneration and, ultimately, ne- 
crosis. The blood vessels undergo vasoparaly- 
and _ vasolysis ; 
quently, there are congestion, edema, and 


sis, vasodilatation, conse- 
focal hemorrhage in the tissues. Changes of 
this nature are precipitated by anoxia in the 
brain and throughout the body. Although 
all the tissues are vulnerable to the effects 
of systemic oxygen deprivation, in compari- 
son to the brain the immediate damage in 
other organs is unimportant. The high vul- 
nerability of the central nervous system, 
greater than any other tissue, has long been 
evident ; it is demonstrated dramatically in 
patients who have survived after cardiac 
arrest during surgery. 

The effect of cerebral anoxia in experi- 
mental animals and in man has been widely 
investigated. The brain does not react uni- 
formly to anoxia. Morrison,’ in studies on 
the monkey, has shown that a single, as well 
as repeated, exposure to a simulated altitude 
of 3200 ft. (975 meters) produces extensive 
laminar necrosis in the cerebral cortex, a 
change identical to the damage reported in 
with nitrous 


man after anesthetic accident 


oxide.* In Morrison’s experiments, wide 
areas of necrosis appeared in the cerebral 
white matter in all monkeys that were sub- 
jected to repeated sublethal anoxic exposure 
and that survived for 40 days or more. Less 
severe neuronal damage appeared in the basal 
ganglia. The lesions in the gray and white 
matter of the cerebrum were bilaterally sym- 
metric. Significant lesions did not appear 
in the medulla or cord. Yant and co-workers ® 
studied changes in the brains of dogs which 
survived carbon monoxide exposure. Neu- 
rons in the cerebral cortex and corpus stri- 
atum showed severe degenerative changes. 
Patches of demyelination, foci of necrosis, 
and cystic areas were produced in the white 
matter of the cerebrum. 

the acute 
changes commonly observed in the brain 


In man, most conspicuous 


after asphyxia are congestion and petechiae 
and acute neuronal changes in the cortex and 





PATHOLOGY OF CEREBRAL PALSY 
deep nuclei. In sublethal carbon monoxide 
poisoning and most other types of asphyxia 
in man, encephaloclastic changes in the cor- 
pus striatum are usually more striking than 
damage in the cerebral cortex and white 
matter. 

Anoxic damage in the brain is, in some 
measure, progressive; the initial reaction to 
a single exposure may be minimal; enceph- 
aloclastic changes may become evident only 
after weeks and months. If death is delayed, 
frank cerebral necrosis may be anticipated 
at autopsy; however, in cases of asphyxia 
with immediate death, few changes may be 
evident in the brain. Accordingly, damage 
to the brain following anoxia may escape 
detection at autopsy; in infants, distinct 
encephaloclastic lesions are usually mani- 
fested only in those cases that survive a 
period of weeks or more. 

According to Scholz,’® the pattern of in- 
volvement in the anoxic cerebrum is largely 
governed by the manner in which anoxia 
proceeds; when circulation is stopped sud- 
denly, the cortex of the cerebrum is affected 
first and most severely; the basal ganglia 
are much more resistant; clinically the per- 
sistent effects of such pyramidal tract in- 
volvement would be portrayed as spasticity. 
Scholz states that, if anoxia develops more 
gradually, as in carbon monoxide poisoning, 
secondary anemia, and as observed after 
death following flights at high altitudes, the 
globus pallidus and other basal nuclei are 
more vulnerable than the tissue of the cere- 
bral cortex. During life such conditions of 
anoxia precipitate athetosis and other mani- 
festations of extrapyramidal tract involve- 
ment. Complications arising during labor 
may precipitate anoxia suddenly, as by sud- 
den temporary compression of the cord; 
hence, in infants that survive, damage to the 
cortex may be anticipated. Or circulation 
may be compromised gradually: Fetal hy- 
poxia may evolve over a protracted period ; 
this type of oxygen deprivation would invite 
injury to the basal ganglia. This difference 
in vulnerability of different parts of the brain 
to different patterns of anoxia tends to ex- 
plain the variations in the pattern of motor 


disturbances in cerebral palsy that may fol- 
low anoxia. 

It is also worthy of note that the medulla 
and cord are much more resistant to anoxia 
than the cerebrum. Because of this difference 
in threshold, severe anoxia, though it may 


render the victim palsied and demented, per- 


mits survival, since the medullary control of 
respiration and other vital functions are little 
affected. 

The encephaloclastic changes observed in 
the experimental animal and adult human 
after anoxia, and in the newborn infant fol- 
lowing prolonged labor, and in children with 
cerebral palsy have many anatomic changes 
in common. The morphologic similarity of 
these lesions eloquently calls attention to the 
possibility that these processes may be of the 
same basic etiology. Efforts to confirm the 
causal relationship between anoxia and cere- 
bral palsy have been pursued along three 
avenues of investigation: 1. Experimentally, 
the effects of anoxia on the brain during the 
late fetal period have been studied in labora- 
tory animals. 2. The pathologic changes pro- 
voked by anoxia on the brain at birth have 
been studied in infants who succumb to neo- 
natal asphyxial states. 3. The etiologic rela- 
tionship of anoxia has been studied in cases 
of cerebral palsy having a history of asphyxia 
at birth. 

Experimentally, the effects of anoxia on 
the fetus late in pregnancy have been investi- 
gated by Windle and co-workers * by creat- 
ing experimental conditions in the guinea 
pig that simulate neonatal asphyxia in the 
human; the that 
exposure were studied after birth. The be- 


fetuses survived anoxial 
havioral pattern of the experimental animals 
was significantly affected; sensory defects, 
tremors, convulsions, and spasticities were 
observed in the test animals. At autopsy the 
brains showed a wide range of pathologic 
changes; generalized atrophy of the brain 
occurred in some animals; others showed 
regional encephaloclastic lesions. Observa- 
tion in this study indicated that animals 
which had been subjected to the most pro- 
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longed anoxia correspondingly showed the 
severest behavioral and neurologic disturb- 
ances and, at autopsy, showed the most sig- 
nificant structural changes in the brain. 

The autopsy study of anoxial changes in 
the nervous system of newborn infants af- 
fords a second pertinent avenue of investiga- 
tion in establishing the link between neonatal 
asphyxia and cerebral palsy. The effects of 
neonatal anoxia in relation to cerebral palsy 
have been analyzed by Arey,’* Benda,¥ Cour- 
ville,** Potter,’’ and others. 

Asphyxia is responsible for over one-half 
of the live-born deaths in the neonatal pe- 
riod.** While prolonged fetal anoxia causes 
death, sublethal exposure may result in per- 
manent maiming of organic function; crip- 
pling of the nervous system in this manner 
may contribute to the occurrence of cerebral 
palsy, epilepsy, and other disorders of the 
nervous system. Although protracted anoxia 
imposes irreversible damage on the nervous 
system, if death occurs rapidly there is 
usually a striking paucity of gross or micro- 
scopic changes in the brain; at autopsy the 
role of anoxia is often unduly minimized. 
\s in the adult, neonatal anoxia, although 
fatal, may be reflected in the brain merely 
as mild congestion and with scattered pe- 
techiae. If an infant dies several days or 
weeks after exposure to anoxia, morphologic 
anoxia become 


manifestations of cerebral 


more easily discerned; progressive necro 
biotic changes provoked by the episodes of 
anoxia become unveiled during the interval ; 
neuronal destruction, inflammatory changes, 
frank encephalomalacia, and cyst formation 
that 
longer, anoxic encephaloclastic lesions of 
this nature may ultimately kindle the proc- 


may be evident. In infants survive 


esses of epilepsy, cerebral palsy, or other 
neurologic disorders. 

Potter 77 notes that, in general, the fate of 
infants who survive periods of anoxia seems 
to be dependent on the severity and duration 
of the oxygen deprivation; with severe 
anoxia the infant may be hypertonic and all 


reflexes may be more active than normal; 
LL 
14 and 15 
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as the child grows, coordination of move- 
ments may be poor and mental development 
may be retarded. Potter points out that in 
cases with complete prolonged anoxic depri- 
vation severer brain damage is generally 
produced; the infant may appear almost 
decerebrate; it may never be able to talk 
or walk. 

Consideration of the factors contributing 
to neonatal anoxia is of imminent importance 
in the problem of cerebral palsy.t In the 
prenatal period anemia, cardiac disease, 
pneumonia, and other disorders of the mother 
subject the fetus in utero to serious anoxia. 
Infarcts, early separation and other disorders 
of the placenta, as well as knots and com- 
pression of the cord, tend to embarrass the 
oxygen supply of the fetus. Latham, Ander- 
son, and Eastman,*° in a clinical study of the 
obstetrical factors in the etiology of cerebral 
palsy, noted that there was frequent evidence 
of sublethal detachment of the placenta in 
mothers who later gave birth to palsied off- 
spring; of 43 cases, delivered at term, in 
which children developed cerebral palsy, 24 
mothers gave a history of vaginal bleeding 
the paranatal 
period oversedation and improper anesthesia 


during pregnancy. During 
during delivery may impose a dangerous 
state of anoxia in the fetus and may be re- 
sponsible for apnea neonatorum and diffi- 
culty in resuscitation. Prolapse and twisting 
of the cord or entwining of the cord about the 
neck may menace the blood supply of the 
fetus. Anoxia of severe degree in the new- 
born infant may be precipitated by relatively 
small intracranial hemorrhages which com- 
press or injure the respiratory center. Fac- 
tors contributing to anoxia are introduced 
in breech presentation, in the delivery of 
twins, and as a result of the holding back of 
the head. Cerebral palsy occurs in the second 
of twins with distressing frequency. It 
should be pointed out that, in cerebral palsy 
due to erythroblastosis fetalis and prematur- 
ity, anoxia is an important accessory factor. 
In the postnatal state, prolonged anoxia may 


be due to aspiration or to unrelieved obstruc- 
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tion of the airway. Pneumonia and hyalin 
membrane disease may create cerebral and 
other organ damage through prolonged sys- 
temic anoxia. 

The autopsy studies of cases of cerebral 
palsy with known clinical history of asphyxia 
at birth is the third important link in estab- 
lishing the relationship of anoxia neonatorum 
and cerebral palsy. Little, as early as 1841, 
noted this relationship. Appraisal of this re- 
lationship between anoxia and cerebral palsy 
is complicated by many variables. As pointed 
out previously, the residual lesions of neo- 
natal asphyxia are not pathognomonic; the 
changes of anoxia may be imitated by various 
other noxious processes. In evaluating this 
problem some etiologic agents may be ruled 
out on a morphologic basis; the organized 
residuals of old subdural hematomas persist 
through long periods and are readily identi- 
fied. Lesions of arterial disease can often be 


distinguished by their pattern; lesions of 


anoxia do not adhere to the topic distribu- 


tion of arterial branches. The patency of the 


dural venous system must be investigated, 
since occlusion of the sagittal sinus may pro 
duce a picture similar to that generated by 
anoxia ; in some instances, prematurity may 
be a contributing or major factor in produc- 
ing lesions similar to that of anoxia. Other 
factors, such as infectious disease and other 
local encephaloclastic processes, examined at 
mimic the 


effects of anoxia and are not easily identified 


autopsy years after birth, may 
morphologically. In many cases, because of 
the long interval between birth and death, 
it is difficult to establish conclusively the re- 
lationship of anoxia neonatorum with cere- 
bral palsy ; the relationship in such instances 
remains presumptive. Closely related to the 
problem of neonatal asphyxia and cerebral 
palsy are the studies of Penfield and Erick- 
son *!; these investigators concluded that 
certain gliotic and cystic lesions of the brain 
associated with neonatal asphyxia may, after 
an interval, ignite the process of epilepsy and 
other neurologic disorders. 

Despite the complexities of the problem, 
in recent years Courville and others have 
marshaled comprehensive evidence based on 


correlated clinical and pathologic data sup- 
porting the concept that cerebral palsy, in a 
large percentage of cases, is the result of 
generalized anoxia of the fetus; a significant 
number of cases testifying to the association 
of cerebral palsy and antecedent neonatal 
asphyxia have been reported. These cases 
establish basic criteria which aid in the iden- 
tification of anoxial lesions of cerebral palsy. 

In cerebral palsy several types of brain 
lesions have been described representative of 
the late effects of anoxia. In most cases there 
is some overlapping of one pathologic pattern 
with another. Fundamentally, the cerebral 
changes constitute a reaction to injury by 
anoxia. Occurring in other organs as well 
as in the brain, 


these changes represent 


ischemic necrosis with the reactions of 


chronic inflammation and healing super- 
imposed. 

Grossly, in the commonest pattern of in- 
volvement the brain is noticeably smaller 
than average. Little, in his original descrip- 
tion of the disorder, called attention to the 
dwarfed head in infants afflicted with spas- 
ticity. Other observers § point out that small 
ness of the brain is characteristic of patients 
with spastic diplegia, irrespective of the ex- 
tent of neurologic involvement. The cere- 
brum in spastic diplegia generally shows 
involvement of most extensive degree in the 
posterior portion of the frontal lobes and 
adjoining parietal lobes; in some instances 
the occipital lobes may be involved to a 
greater or lesser extent. In diplegia the in- 
volvement in the brain is bilaterally sym- 
metric. The affected areas are shrunken and 
depressed ; convolutions are small and pre- 
sent an irregular pinched appearance. The 
arachnoid over the involved area is usually 
thickened and adherent. In comparison with 
the adjoining lobes, the involved portions of 
the cerebrum have a toughened leathery 
texture on external palpation. This type of 
involvement has been designated as atrophic 
lobar sclerosis or ulegyria (scarred gyri). 
Transsection of the brain through such an 
area shows thinning of both gray and white 
matter in the cerebral wall; the tissue is 
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dense and rubbery. Cystic spaces may be a 
prominent feature; they may be small and 
scattered through the cerebral wall, or there 
may be a latticework of loculated cystic 
spaces occupying the entire thickness of the 
cerebrum. Where cystic alteration of the 
cerebrum is prominent, the terms encephal- 
oclastic porencephaly, pseudoporencephaly, 
and central encephalomalacia have been 
applied. 

The peculiar reaction to injury portrayed 
by fetal brain tissue, the predisposition to 
form cystic rather than simple gliotic lesions, 
has been the subject of much consideration. 
Spatz ** points out that fetal nerve tissue 
following injury undergoes a simple rapid 
disintegration and liquefaction. There is little 
cellular or myelin debris; there are few 
phagocytic elements active in the immature 
tissue. The elementary nature of encephalo- 
clasia in fetal tissue stimulates only a very 
weak reaction in the surrounding tissue; 
there is generally little tendency to provoke 
gliosis. As a consequence, a cystic space 
rather than a gliotic scar forms at the site 
of injury. Such cystic lesions, incurred dur- 
ing fetal life, endure and are evident at 
autopsy in cases of cerebral palsy many years 
after birth. 

Microscopically, the picture is one of dis- 
integration and scarring of brain tissue ; there 
are widespread devastation of nerve cell 
bodies, demyelinization, and lysis of white 
matter. The myelopathy here resembles that 
observed by Morrison’ and by Yant and co- 
workers ® in experimental animals exposed to 
anoxia. The cysts are merely confluent areas 
of old liquefaction necrosis circumscribed by 
gliogenous capsules. In some instances gitter 
cells in the cyst wall indicate the progressive 
nature of the lesions. Attesting to their en- 
cephaloclastic origin, the cysts may contain 
in their walls from 
hemorrhagic debris previously present at the 


hemosiderin derived 
site. The neuronal dissolution in the gray 
matter disclosed microscopically is generally 
of much wider extent than is suggested by 
the gross changes in the cortex. The thin, 
contracted, sclerotic portion of the cerebral 
wall is composed largely of a dense network 
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of glial elements; in these parchment-like 
areas the architectural characteristics of the 
gray and white matter are completely wiped 
out. 

The corpus striatum infrequently shows 
necrosis as a residue of neonatal anoxia.’® In 
cerebral palsy there is sometimes observed 
at autopsy the condition known as “status 
marmoratus” or “état marbré,” the marble- 
like state of the corpus striatum and other 
deep nuclei. This alteration is in large meas- 
ure associated with cerebral palsy in which 
there has been a prominent degree of 
athetosis with an admixture of spasticity. 
Grossly, the involved areas are mottled and 
irregularly streaked with white and have a 
hardened texture. with 
stains for myelin sheath, the involved basal 
nuclei 


Microscopically. 


show an excessive distribution of 
myelinated fibers; affected areas show de- 
struction of nerve cells and gliosis. The 
lesions of status marmoratus sometimes oc- 
cur in cerebral palsy in association with 
sclerosis and cystic change of the cerebral 


The 
status marmoratus is a destructive inflamma- 


cortex. current consensus holds that 
tory process, in many instances associated 
with anoxia.*® In studies of status marmora- 
tus the factor of prolonged and difficult labor 
has been frequently noted.|| Norman ** con- 
cludes in his studies that état marbré is a 
sequela of fetal anoxia. 

The following six cases of cerebral palsy, 
on the basis of the clinical history and by the 
character of the morphologic changes in the 
brain, are related etiologically to anoxia neo- 
natorum. In most cases, the brain bears char- 
acteristic stigmas of cysts and atrophic lobar 
sclerosis. 


REPORT OF CASES 


Case 1 (Autopsy 10539).—White male youth, 19 
years; microcephaly; spastic quadriplegia; mental 
retardation. 

The condition of the mother during pregnancy 
was uncomplicated. Delivery was spontaneous ; how- 
ever, the infant had prolonged cyanosis after birth. 
Mental retardation was evident early in infancy. 
Speech was limited to a few words. The patient was 
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Fig. 1 (Case 1).—Spastic quadriplegia; mental 
retardation ; microcephaly ; cyanosis at birth. Supe- 
rior view; destructive lesions in occipital lobe. 


a complete custodial problem. Convulsions began at 
the age of six months. 

Physical examination revealed a helpless, poorly 
nourished, undersized 19-year-old patient who had 
the constitution of a 7-year-old. Head circumference 
was 16 in. (40.64 cm.). All extremities were spastic. 
The hips, knees, and elbows were held in flexion. 
The deep reflexes were hyperactive. The patient had 
little control over his body movements; there were 
continuous rolling movements of the head and wav- 
ing of the extremities. Visual sense could not be 
tested; the patient was believed to have been blind. 


At autopsy the brain weighed 650 gm. The an- 
terior portions of the cerebral hemispheres were thin 
and appeared intact grossly. Posteriorly the walls 
were flabby; the posterior portions of the hemi- 
spheres collapsed as the brain was removed. Gyri 
here were small and had a pinched appearance 
(Figs. 1 and 2). On section, the walls of the oc- 
cipital (Fig. 3); 
anteriorly the cerebral structures were relatively 


lobes were thin and irregular 


Fig. 2 (Case 1).—Lateral view. 





Fig. 3 (Case 1).—Transection of the brain shows 
the walls of the occipital lobes to be thin and 
irregular. 


well preserved. Microscopically, the walls of the 
posterior portion of the cerebrum were reduced to 
a gliotic scar material. 

The structural changes in the brain repre- 
sent a simple lobar sclerosis, a finding which 
can be attributed to the neonatal anoxia re- 
ported in the history. 


Case 2 (Autopsy 10494).—White girl, 7 years; 
mental retardation; spastic quadriplegia; micro- 
cephaly. 


Delivery of this infant was prolonged; birth was 
apparently delayed awaiting the arrival of a doctor. 
Birth occurred at term; the infant’s condition after 
birth was poor; she was maintained in an oxygen 
tent for several weeks after birth. Convulsions oc- 
curred the second day after birth. Retarded mental 
development was evident in early infantile life. Two 


Fig. 4 (Case 2).—Spastic quadriplegia; micro- 
cephaly. History of neonatal anoxia. Section through 
the thinned irregular frontal lobe shows destruction 
of gray and white matter and formation of cystic 
lesions. 























siblings in the family were healthy physically and 
mentally. 

Physical examination revealed a helpless, under- 
developed child, spastic in all extremities. She ap- 
peared unable to perform any useful movements; 
frequently she assumed a position of opisthotonus. 
(45.72 cm.). The 
lower extremities were more spastic than the upper. 
The arms were held in flexion; the fists were 
clenched. The legs were extended and overadducted 
in scissors fashion. Deep reflexes were all hyper- 
active. 


Head circumference was 18 in. 


At autopsy the brain was small and flabby, and 
weighed 930 gm. The convolutions over the pos- 
terior frontal and the parietal regions were irregu- 
lar, small, and constricted. Section through the in- 
volved cortex revealed many loculated cystic spaces 
3 to 6 mm. wide, smoothly lined and filled with a 





Fig. 5 (Case 2). 
lesions in the frontal cortex. 


Histologic appearance of cystic 
Normal architecture 
replaced by lake-like spaces with gliotic septa. 
Hematoxylin and eosin ; reduced 44 from mag. X 80. 
clear glairy fluid (Fig. 4). Histologically, the in- 
volved convolutions showed complete destruction of 
the normal architecture ; the septa between the cystic 
spaces were composed of dense gliotic tissue (Fig. 
5). The corpora striata showed cribriform rarefac- 
tion in areas up to 6 mm. wide 


This case demonstrates the basi¢ sequence 
of anoxia neonatorum, the development of 
motor disturbances during life, and the oc- 
currence at autopsy of cystic and gliotic 
lesions in the brain. Microcephaly in this case 
is largely attributable to the destructive proc- 
ess in the brain. In cases such as this the 
problem of quadriplegia tends to be over- 
shadowed clinically by the severe degree of 
mental retardation. 
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Fig. 6 (Case 3).—Spastic quadriplegia; mental 


retardation; microcephaly. Posterior parietal and 
occipital lobes show destructive changes in the con- 
volutions. 


Case 3 (Autopsy 10762).—White girl, 8 years; 


spastic quadriplegia; mental retardation; micro- 


cephaly. 

The patient was born spontaneously at full term; 
delivery was uncomplicated. Details of the neonatal 
period were unavailable. There was no history of 
maternal illness during pregnancy. Two siblings 
This 


showed evidence of spasticity at an early age. Con- 


were well physically and mentally. infant 


vulsions began at the age of three years. 

Physical examination revealed a poorly developed, 
helpless child. Head circumference was 19 in. (48.26 
cm.). The child was spastic in all extremities. Both 
arms were maintained in flexion at the elbows; 
legs were held in extension. The deep reflexes were 


extremely active. 


Fig. 7 (Case 3).—Shrunken convolutions in cere- 
brum; white matter as well as gray is affected. Old 
area of necrosis in right corpus striatum. Marbled 
appearance of basal ganglia and thalami. 
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At autopsy the brain was small; weight was 870 
gm. In the subdural space over the superior aspect 
of the cerebrum there was a gray-yellow deposit of 
gelatinous material 1 to 5 mm. thick, the residuum 
of an old subdural hemorrhage. The convolutional 
pattern of the cerebrum was disorderly and gnarled, 
especially over the posterior parietal and the oc- 
<ipital lobes (Fig. 6); the wall of the cerebrum 
here was indurated and leathery. On section, the 
cerebrum displayed irregularly thinned convolutions 
in the posterior portion of the cerebrum, particularly 
on the medial and superior aspects of the hemi- 
The ventricles were enlarged. 
The upper portion of the right corpus striatum was 


spheres (Fig. 7). 
occupied by a cystic space 4 cm. long and 2 cm. 
wide, filled with gelatinous necrotic material. The 
and thalami showed characteristic 


corpora striata 


status marmoratus. 

Although the history in this case yields no 
information regarding birth or early infantile 
life, the presence of the old subdural hemor- 
rhage suggests that some difficulty attended 
this period. The brain externally had the 
typical appearance of lobar sclerosis; the 
gnarled cerebral convolutions, the status 
marmoratus, and the necrotic cystic lesions 
in the corpus striatum attest to an antecedent 
destructive anoxic process. 
5064).—White boy, 7 years; 
spastic quadriplegia; mental retardation. 


Case 4 (Autopsy 


According to the father the patient had suffered a 
“birth injury” due to the use of instruments. Respira- 
tory difficulties were present at birth. The mother 
died after delivery and was thought to have had a 
The infant was never able 


toxemia of pregnancy. 


(Case 4).—Spastic quadriplegia; micro- 
mental retardation. History of respiratory 


Fig. 8 
cephaly ; 


difficulty at birth. Posterior frontal and parietal con- 
volutions are irregular and depressed. 








Fig. 9 (Case 4).—Transection through affected 
cerebral cortex; cerebral wall is thin and sclerotic; 
scattered cysts through the parenchyma; ventricles 
large. 


to walk or talk; he was a complete nursing prob- 
lem. 

At autopsy the brain weighed 850 gm. The pos- 
terior frontal and the parietal lobes showed bilateral 
convolutional deformities symmetrically distributed 
The 
depressed, and shrunken (Fig. 8). 


on each side. convolutions were irregular, 

On section the ventricles were enlarged ; the cere- 
bral walls were moderately decreased in thickness ; 
scattered through the cerebral walls were numerous 
Histo- 


logically, the nerve cell population in the cortex 


cystic spaces 3 to 10 mm. wide (Fig. 9). 


was decreased ; the pattern was irregular ; there was 
considerable gliosis. 


The history of immediate maternal death 
after delivery attended by convulsions con- 
notes a difficult delivery, probably attended 
by neonatal anoxia. The cystic pattern of the 
cerebral defect and the rich glial prolifera- 
tion in the cortex indicates basic encephalo- 
clastic process rather than a formative defect. 


Case 5 (Autopsy 10544).—White man, 42 years ; 
convulsive state ; spasticity ; depressive psychosis. 

The patient was one of twins; data regarding 
details of gestation and delivery were not available; 
the patient’s twin brother died at birth. The patient 
had moderate spasticity of the lower extremities. 
He frequently had grand mal seizures; mentally, 
he was depressed. 

At autopsy the brain was of average proportions ; 
convolutions over the posterior portion of the right 
frontal area were irregular and depressed. On sec 
tion, in this area an irregular loculated cyst ap- 
proximately 2 cm. in greatest width was discovered 
10). 
showed dense glial proliferation. 


( Fig. Histologically, the wall of the cyst 
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_Fig. 10 (Case 5).—Spasticity ; convulsive state. 
Circumscribed loculated cyst in the right frontal 
area, site of old encephalitic lesion. 


This case demonstrates the formation of 
a cystic lesion in an area of old necrosis prob- 
ably incurred at birth. 
the disturbances was 
probably anoxic in origin; the history noting 
the death of one twin at birth suggests that 
an anoxic 
birth. 


The focal lesion which 


gave rise to motor 


state was probably present at 


CASE 
years ; 


6 (Autopsy 10255). 
congenital hemiplegia ; 


White woman, 51 
mental retardation. 

The patient’s record stated that she had suffered 
a “birth injury”; other details of the birth history 
were not available. The patient was known to have 
been paralyzed since birth. There was no progres- 
sion of this disability. The right hand, arm, and leg 
showed spastic paralysis. The general physical ex- 
amination yielded no other significant findings. 


Fig. 11 (Case 6).—A 51-year-old woman, hemi- 
plegic since birth; cribriform appearance of left 
striatal area and adjoining internal capsule. 
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At autopsy the brain was of normal proportions ; 
no external defects were evident. The main arteries 
at the base of the brain showed no significant 
changes. severe damage of the basal 
ganglia was evident. The head of the left caudate 
nucleus flattened; the left 
was approximately one-half the size of the right. 
The left putamen was softened and had a cribriform 


On section, 


was lentiform nucleus 


appearance; the area of involvement extended into 
the left internal capsule (Fig. 11). Histologically, 
the lesion in the lentiform nucleus presented irregu- 
lar lake-like separated by loose fibrillary 
glial elements (Fig. 12). 


spaces 


Considering the history of “birth injury” 
and the cribriform appearance of the lesion, 
it is likely that the defect in the basal ganglia 
represents the sequela of an anoxic lesion ; 
a cerebral artery occlusion at birth may be 


Fig. 12 (Case 6).—Histologic appearance of 
cribriform lesion in left striatal area; cystic spaces 
separated by glial septa. Hematoxylin and eosin; 
reduced 34 from mag. x 90 


considered ; however, the defects in the brain 
cannot be correlated with the vascular dis- 
tribution in this area. 


PREMATURITY AS A CAUSE OF CEREBRAL PALSY 
Prematurity is frequently a direct or con- 
tributory cause of cerebral palsy. Although 
early medical writers failed to note this etio- 
logic factor, Little pointed out that the asso- 
ciation of prematurity was, 
Shakespeare in his 


with some con- 


fidence, recorded by 


description of Richard III: 


Deform’d, unfinished, sent before my time 
Into this breathing world, scarce half made up, 
And that so lamely and unfashionable 


That dogs bark at me as I halt by them. 
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In recent years the significance of pre- 
maturity as a factor contributing to cerebral 
palsy has been given increasing attention. 
Lesions of the central nervous system are a 
common cause of death in the premature 
infant. The most characteristic finding in the 
brain associated with prematurity is hemor- 
rhage in the subependymal tissue of the 
cerebrum and hemorrhage into the ventricle. 
Perivascular hemorrhage is a common 
finding in asphyxial deaths in the adult. The 
extraordinary tendency toward hemorrhage 
in the premature is probably a reflection of 
the unusual fragility of small blood vessels, 
the extreme softness of the tissue, and the 
absence of myelination in the fetal brain. 
The immature brain offers little support to 


Fig. 13.—Periventricular hemorrhage in the brain 


occurring in prematurity ; infant, 5 weeks premature, 
lived two days. 


the blood vessel wall and thus increases the 
tendency of the blood vessel to break down. 
In fatal cases, the periventricular hemor- 
rhage and necrosis are often widespread. 
Figure 13 shows the common pattern of in- 
volvement; the infant in this instance was 
delivered five weeks prematurely and lived 
two days. Some degree of hemorrhage and 
necrosis is apparently frequent also in pre- 
mature infants who survive. Infants that live 
for several weeks or more and die of causes 
other than neurologic often show evidence of 
necrosis with deposits of hemosiderin in the 
periventricular tissue of the brain. 
Statistical studies strongly incriminate pre- 
maturity as a cause of cerebral palsy. Gus- 


{ References 13, 20, and 22. 


of 185 
had been 
prematurely. Evans ® 
likewise noticed a high incidence of prema- 


found that, 
patients with cerebral palsy, 46 
born 


tafson and Garceau *' 


spontaneously 


turity in cases of cerebral palsy, particularly 
in the spastic group. It should be pointed out 
that in cases of prematurity which developed 
cerebral palsy, maternal complications and 
other factors are frequently present at birth 
and may contribute to the development of 
neurologic disorders of later life. Lilienfeld 
and Parkhurst *° compared the incidence of 
prematurity, uncomplicated by other factors 
of parturition, in a group of children with 
cerebral palsy with the incidence of prema- 
turity in a control group; in patients with 
cerebral palsy born in 1948 in New York 
State, the prematurity was 
25.2% ; in the control group composed of 
children born in New York in the same year, 
the incidence of prematurity was 4.4%. 


incidence of 


CEREBRAL PALsy Due To ERYTHROBLASTOSIS 
FETALIS AND OTHER SYSTEMIC PROCESSES 
ASSOCIATED WITH KERNICTERUS 

In recent decades attention has been di- 
rected increasingly to the relationship of 
cerebral palsy to antecedent erythroblastosis 
and other conditions producing kernicterus. 
Spiller,** in his report, in 1915, “Severe 
Jaundice in the Newborn Child: A Cause of 
Spastic Cerebral Diplegia,” was the first to 
emphasize the association of icterus neo- 
natorum with subsequent development of 


spasticity ; he reported the clinical findings 
in four cases. The term “kernicterus” refers 


to the yellow coloring and the destructive 
changes occurring in the deep nuclei of the 
cerebrum and in other portions of the brain 
in association with erythroblastosis fetalis 
and in various septic states in the newborn 
infant; these parenchymal changes in the 
brain following icterus gravis provoke severe 
neurological changes in the postnatal period 
clinically ; infants that survive often suffer 
the sequelae of mental deficiency and cerebral 
palsy. 

Grossly, in the most familiar distribution 
of kernicterus there is prominent yellowing 
in the cornu ammonis, in the basal ganglia, 
and in the nuclei of the brain stem; in some 
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instances, patches of yellowing are spread 
irregularly through the gray matter of the 
cerebrum. The nuclear yellowing is due to 
bile staining. The bile pigment clings to the 
damaged brain substance and may be ob- 
served at autopsy in infants with a history 
of icterus neonatorum who survive two to 
three months. 

Microscopically, in early kernicterus the 
neurones are shrunken and may be deeply 
bile-stained ; yellow pigment can be demon- 
strated microscopically in glia, as well as in 
that 
months the deep nuclei show moderate to 


neurones. In infants survive several 
severe loss of nerve cells ; demyelinization of 
fibers occurs. 

The pathogenesis of kernicterus is not 
clear. Day ** has produced nuclear jaundice 
in rats; brain injury was induced by irradia- 
tion; hyperbilirubinemia was produced by 
tying the common bile duct. 

The significance of the bile pigmentation 
in kernicterus has been the subject of con- 
siderable controversy ; on the basis of clinical 
and experimental studies, the consensus 
favors the interpretation that bilirubin does 
not cause the nerve cell damage but merely 
stains the already damaged tissue. Various 
observers # have postulated an anoxic mecha- 
nism underlying kernicterus. Kernicteric 
damage to the brain apparently does not 
occur in utero; nuclear jaundice is not found 
at autopsy in infants who live less than two 
days. The occurrence of kernicterus is related 
to high concentration of serum bilirubin *; 
according to Allen and Diamond,** the pre- 
vention of hyperbilirubinemia by exchange 
transfusions will prevent the occurrence of 
kernicterus. 

Zuelzer and Mudgett ** have emphasized 
that kernicterus may be inaugurated not only 
by erythroblastosis fetalis but also by a 
variety of acute systemic processes in the 
newborn infant. Septic states such as pneu- 
monia, intestinal obstruction, and diarrhea 
account for kernicterus in a major portion 


of cases. The male infant is more susceptible 


to kernicterus than the female infant; pre- 
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mature infants are predisposed to develop 
kernicterus. Infants with 
fetalis are often born prematurely; the co- 


erythroblastosis 


incidence of prematurity and kernicterus pro- 
vides a fertile basis for the development of 
neurologic sequela in infants that survive. 

The diagnosis of kernicteric damage of the 
brain in the newborn infant during life is 
based on the development of spasticity, opis- 
thotonus, and convulsions in an icteric infant 
with erythroblastosis fetalis or with systemic 
sepsis and dehydration, The diagnosis can be 
made or excluded with confidence during the 
first week of life. 

The late effects of nuclear jaundice have 
been widely investigated; Zimmerman and 
Yannet ** studied the effects of icterus gravis 
on the brain in a mentally retarded, athetoid, 
and spastic infant who survived three years. 
Destruction of neuronal elements in the basal 
ganglia and in the nuclei of the brain stem, 
and destruction of medullated nerve fibers of 
the pallida were evident at autopsy. Other 
investigators have cited similar effects in 
cases of icterus gravis; motor disturbances 
during infancy and destructive nuclear 
changes are described. 

Approximately 15% of infants with severe 
icterus develop symptoms of kernicterus; of 
these, only about one-third survive.** It is 
estimated that about 1200 infants with kern- 
icterus in the neonatal period are added to 
the population of the country yearly. Kern- 
icterus is thought to be the underlying cause 
of 3% to 7% of cases of cerebral palsy. 
in a study of 675 
children with persistent neuromuscular dys- 


9 


Klingman and Carlson ® 


function found a history of neonatal jaundice 
in 45. 

Sobel *® in a study of 98 children with 
cerebral palsy found that in 3% the neuro- 
logic disorder could be attributed to kern- 
icterus associated with erythroblastosis ; the 
occurrence of kernicterus due to systemic 
sepsis was not included in this evaluation. 
Kernicterus is particularly prone to cause 
extrapyramidal tract damage and to evoke 
the athetoid form of cerebral palsy. Asher 
and Schonell ** reported that, of 55 cases 
of athetosis, 19 had a typical serologic and 
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family history of hemolytic disease of the 


newborn infant. Evans® in analyzing 114 


cases 


of cerebral palsy cited 8 cases, pre- 


dominantly athetoid, with a history of icterus 


gravis. The following are two cases of cere- 
bral palsy with neonatai histories of icterus. 
Case 7 10386).—A 


athetosis ; 


(Autopsy 9-year-old white 


girl; spasticity ; mental deficiency. 
Severe jaundice was present shortly after birth. 

Gestation and of full 

Motor 
birth; 


occurred; the infant was observed to be in opistho- 


was uncomplicated term ; 


delivery was spontaneous. abnormalities 


were apparent shortly after convulsions 
tonus. In retrospect the clinical diagnosis of kernic- 
terus could be made. 

The infant displayed arrested development men- 
tally and physically ; she was helpless and unable to 
The infant appeared 
and gyrated through spasms of 
The 19% in. 
(49.53 cm.) in circumference. The lower extremities 
were held stiffly 


creased 


meet her personal needs. 


unable to relax 


stiffening and writhing. head was 


extended. Muscle tone was in- 


throughout; there was severe rigidity. 


Deep reflexes were extremely hyperactive. There 
was little evidence of coordination: her movements 


were purposeless and helpless. 

During hospitalization this infant demonstrated 
frequent bouts of fever in which the temperature 
appeared disproportionately high in respect to the 
general clinical findings. Terminal temperature was 
108 F. There was evidence terminally of broncho- 
pneumonia; this confirmed at 


was postmortem 


examination. 


At autopsy the brain weighed 1210 gm. and 
showed no significant abnormalities externally. On 
section the thalami and corpora striata appeared 


shrunken and were firm in texture; these structures, 


Fig. 14 (Case 7).—Cerebral palsy associated with 
kernicterus; severe jaundice after birth; death at 
the age of 9 years; mottled, poorly delineated basal 
nuclei. 


or: a 


Fig. 15 (Case 7).—Section through the thalamus ; 
increased number of glia; few neurones; vascular 
hyperplasia. Hematoxylin and eosin; reduced 34 
from mag. X 130. 


particularly the thalami, were streaked and mottled 
and 14). Micro- 
scopically, the cerebral cortex showed no architec- 
tural abnormalities. In the 


were poorly delineated (Fig. 
corpora striata there 
was a paucity of neurones; nerve cells that remained 
were dark and shrunken; the thalami (Fig., 15) 
showed wide areas lacking neurones; the glial 
elements were increased. Small vessels were hyper- 


plastic and often surrounded by lymphocytes. 
This case illustrates the classical sequence 
of neonatal jaundice with signs of clinical 
kernicterus, chronic neurologic disturbances 
in later life, and destructive changes in the 
basal ganglia at postmortem examination. 
The 
clinically may have been related to damage 
of thalamic 


episodes of hyperthermia registered 


structures and to involvement 
of the associated central thermoregulatory 
center. 

Case 8 (Autopsy 10125) 
mental deficiency; athetosis ; 


White man, 34 years; 
spasticity. 

This patient had a history of jaundice during the 
neonatal period ; he displayed spasticity during early 
infancy. He was never able to walk or .care for 
himself; the patient was severely retarded mentally 
and had only limited speech facilities. Spasticity 
of the legs increased during childhood. Deep reflexes 
were sluggish; there was uncontrolled movements 
of the arms and face during examination. 

At autopsy the brain showed no abnormalities 
externally or on transection. The brain weight was 
1310 gm. Microscopically, the 
changes were in the basal ganglia (Fig. 16); there 


most noticeable 


was a distinct decrease in the nerve cell population ; 
chronic nerve cell damage was evident; neurones 


were small and deeply staining. There were 
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scattered foci of frank encephalomalacia and points 
Glial elements were 
were thick- 


calcification. 
Small 
walled; some were occluded by hyaline thrombi. 


of dystrophic 
increased in number. arteries 

Although changes in the brain were not 
evident grossly, severe damage was evident 
microscopically in the deep nuclei ; the micro- 
scopic changes were consistent with a remote, 
burned-out kernicteric process. This case, 
similar to the previous case, demonstrates the 
typical succession of icterus neonatorum, fol- 
lowed by cerebral palsy of the athetoid clini- 
cal pattern and, at autopsy, chronic deterio- 
rative neuronal changes in the deep nuclei. 


CEREBRAL PALSY DUE TO ENCEPHALOCLASTIC 
DISORDERS OF LOCAL ORIGIN 


In frequent instances cerebral palsy is due 
to encephaloclastic processes of local nature. 


ae eh cies 
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Fig. 16 (Case 8).—Patient with spasticity and 


. 
3 


‘a 


athetosis; history of neonatal jaundice. Section of 
corpus striatum; neuronal elements show deterio- 
rative changes; increased glia. Hematoxylin and 
eosin; reduced 34 from mag. x 340. 

\lthough many etiologic factors of this type 
can be enumerated, three local intracranial 
processes are of particular significance in re- 
lation to cerebral palsy : direct trauma, vascu- 
lar disorders, and hydrocephalus. Infectious 
disease of the brain may be considered as a 
fourth subgroup; the sequela of encephalitis 
may be manifested clinically as cerebral palsy. 
A brain abscess may likewise produce symp- 
toms of cerebral palsy during infantile life. 
Of the intracranial infectious processes re- 
sponsible for cerebral palsy, meningitis, fre- 
quently giving rise to hydrocephalus, requires 


542 


A. M. ARCHIVES OF PATHOLOGY 
special consideration. Neoplastic processes in 
infants may produce the clinical pattern of 
cerebral palsy ; Rosner ** has described eight 
infants with spastic quadriplegia due to ve- 
nous angiomas of the brain. 


InyJURY AS A CAUSE 
PALsy 


INTRACRANIAI 
oF CEREBRAL 


MECHANICAI 


The role of mechanical trauma to the head 
in relationship to cerebral palsy has been a 
subject of controversy for over a century. 
Much progress has been made in evaluating 
the significance of intracranial trauma as an 
etiologic factor. The absolute view held by 
McNutt that cerebral palsy is an entity due 
in most instances to meningeal hemorrhage 
and the equally extreme but opposite stand 
of Freud and other earlier investigators lack 
validity. The consensus of opinion held cur- 
rently is more moderate; direct mechanical 
intracranial injury accounts for a fraction, 
probably small, of the total incidence of 
cerebral palsy. 

Two main forms of trauma must be con- 
sidered: subdural hemorrhage and direct in- 
jury to the brain substance. Molding of the 
head as it descends through the birth canal 
produces considerable distortion of the parts. 
Obstetrical factors such as dystocia may 
cause excessive molding ; prolonged labor or 
faulty forceps application may exaggerate 
the deformity of the head. During the process 
of cephalic molding, with the elongation and 
compression of the head, overriding of the 
parietal bones occurs; veins entering the 
longitudinal sinus are stretched and torn; 
bleeding occurs into the subdural space over 
the cerebrum. Also, with molding of the head, 
the tentorium and falx are stretched; the 
tense margins of these dural sheets, contain- 
ing venous channels, are readily torn. That 
subdural bleeding of various degree occurs 
as a consequence of venous and dural injury 
is common knowledge. Usually the hemor- 
rhage forms a thin film over the cerebrum 
and remains confined to the supratentorial 
space ; in the vast majority of instances, this 
manner of hemorrhage is easily accommo- 
dated and rapidly absorbed. At autopsy, in 
cases of death due to other causes, a minor 
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amount of subdural hemorrhage over the 


cerebrum is often observed. Infants as old 
as 9 months, though presenting no signs of 
intracranial damage at birth, at autopsy show 
deposits of hemosiderin in the meninges. 

A large persistent subdural hemorrhage 
localized over the cerebrum may cause hemi- 
plegia; this is relatively uncommon. If the 
hemorrhage occupies the subtentorial space, 
the effects are grave; such hemorrhage is 
usually due to tearing of the vein of Galen at 
its attachment to the straight sinus. The pos- 
terior fossa is a small and confined space ; 
pressure on the vital centers in the medulla 
due to the space-consuming effect of a sub- 
dural hemorrhage in the posterior fossa regu- 
larly precipitates death in the newborn infant. 
\ccordingly, since supratentorial hemorrhage 
in the newborn infant usually does not create 
lasting morbid changes and since subtentorial 
bleeding is usually fatal, it follows that sub- 
dural hemorrhage per se is infrequently the 
prelude to cerebral palsy. Ford,?* who studied 
extensively the matter of meningeal hemor- 
rhage at birth, concluded: 

It is probable that hemorrhages which diffuse do 
little 


from increased intracranial pressure or are absorbed 


damage to the cortex and either cause death 


without leaving any lasting injury to the cortex. 


Direct injury to the brain, such as tearing 
of the corpus callosum, may occur during 
delivery. Laceration of the brain associated 
with fracture of the skull occurs in rare 
instances at birth. 

In infants of several months or years, head 
injuries associated with falls and blows may 
provoke subdural hemorrhage and be fol 
lowed by spastic paralysis.** 

Case 9 (Autopsy CA-54-117).—White female in 
fant, 2 days old; spastic state associated with brain 
injury at birth 

Delivery of the infant was precipitous ; 
natal condition was The infant gradually 
neck spasticity of the 
extremities, and opisthotonous. Subdural taps were 


the post- 
poor. 
developed rigidity, lower 
performed in search of subdural hemorrhage; no 
meningeal hemorrhage could be defined. 

\t autopsy the brain weighed 410 gm. (normal 
average weight, 360 gm.). A large area of lacer 
ation and hematoma occupied the area of the corpus 
callosum and adjacent cerebral walls (Fig. 17). The 
with the arachnoidal and 


lesion communicated 


ventricular surfaces; there was moderate subarach- 


noid and intraventricular hemorrhage. 


In this excessive distortion of the 


head apparently 


case 
occurred during the pre- 
cipitous delivery. Compression of the head 
in the fronto-occipital diameter results in an 
increased biparietal diameter; as a conse- 
quence, the corpus callosum is stretched and 
may be torn; pressure of the falx cerebri 
against neighboring brain tissue increases the 
degree of trauma. In this newborn infant the 
hematomas, gradually enlarging during the 
period after birth, probably accounted for 
the progression of spasticity and other symp- 


toms in this infant. 


Fig. 17 (Case 9).—Two-day-old infant; precipi- 
tous birth. Spasticity ; opisthotonus. Laceration and 
hemorrhage about the corpus callosum. 


VASCULAR DEFECTS OF THE BRAIN AS A CAUSI 


OF CEREBRAL PALsy 

In cerebral palsy a small but distinct group 
evolves during infancy as the result of vascu 
lar occlusion in the brain. Localized cerebral 
ischemia or infarction may follow arterial 
thrombosis or embolism ; likewise, infarction 
may be due to thrombosis of the dural sinuses 
or cerebral veins. The real incidence of cere- 
brovascular occlusion in infants is difficult to 
ascertain ; however, infantile hemiplegia, pre- 
cipitated by thromboembolic processes, ap- 
pears to be relatively common clinically. 

Dural sinus thrombosis occurs often as an 
agonal phenomenon in dehydrated marasmic 


infants; in cases with sublethal involvement, 


, 


cortical infarction may lead to cerebral palsy ; 
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in some instances, because of venous obstruc- 
tion and interference with cerebrospinal fluid 
absorption, hydrocephalus may develop. 

Cerebral arterial thrombosis in infants is 
in most cases a complicating episode occur- 
ring during convalescence from diphtheria, 
scarlet fever, or other infectious diseases ; an 
arteritis develops and, as a consequence, 
thrombosis and infarction of large cerebral 
arteries is precipitated.** With late cardiac 
complications of diphtheria, emboli arising in 
the left ventricle may be deposited in the 
brain.** More frequently observed in current 
decades is cerebral embolism of recurrent 
nature complicating the course of congenital 
heart disease. 


Fig. 18 (Case 10) 
embolism; onset of 
months. 


Infantile hemiplegia due to 
symptoms at the age of 10 


\-54-88).—W hite 


dise ase ; 


Cask female 
child, 2 


thrombi in the 


10 (Autopsy (¢ 


years; congenital heart mural 


heart: cerebral embolism; cerebral 


infarction ; hemiplegia 


The diagnosis of congenital heart disease 
birth; the 
cardiograms 
At the age of 


left arm and leg was noted; this progressed to com- 


was 


made at infant was cyanotic. Angio- 


showed a transposition of the great 


vessels 10 months weakness of the 
plete spastic hemiplegia in the course of 3 months; 
deep reflexes on the left were hyperactive; ankle 
clonus was present on the left. The hemiplegia was 
thought to be due to a right-sided cerebral throm- 
bosis. Encephalograms showed wide dilatation of 
the right lateral ventricle. By the age of 16 months 
the patient showed profound deterioration; convul- 


sions occurred at irregular intervals. 
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Fig. 19 (Case 11).—Infantile hemiplegia; onset 
? 


at the age of 2 years. Lateral view of brain. 


\t autopsy, the diagnosis of transposition of the 
Mural 
thrombi 1 to 2 cm. in diameter were present in both 


great vessels of the heart was confirmed. 


ventricles of the heart. The brain weighed 420 gm.; 


the right cerebrum showed a massive infarction 


(Fig. 18); the 
was removed. The wall of the right hemisphere was 


2 


5 to 6 mm 


hemisphere collapsed as the brain 


thick and was of a leathery texture; 


the left hemisphere showed scattered 1 to 3 cm 


areas of old and recent infarction. 


This case demonstrates the development of 
spastic hemiplegia in an infant with congeni- 


tal heart disease; the presence of mural 


thrombi in the heart and the multiple infarcts 


of varying age in the brain confirm the diag- 
nosis of recurrent cerebral embolism. 
Case 11 (Autopsy 10778) —White man, 41 years; 
congenital hemiplegia ; epilepsy 
The 
since the age of 2 


; mental deficiency. 
patient was said to have been hemiplegic 


years. Weakness in the left 


Fig. 20 (Case 11).—Superior view of brain. 
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extremities was noticed after the patient fell from 
bed; 


paralyzed and spastic. 


gradually the left side became completely 
The patient showed mental 
retardation, later became psychotic and subject to 
convulsions. Physical examination revealed spastic 
paralysis of the left side of the body. 


At autopsy the brain weighed 910 The 


reduced weight was mainly the result of a cavern 


gm. 


ous defect 12 cm. by 9 cm. in the right cerebrum 
19, 20, 21) 


the entire thickness of the cerebral walls; 


( Figs. ; this pseudoporencephaly involved 
the defect 
was veiled by a stringy, opaque material. The in 
distribution of the 

that 


reduced to a fibrotic thread without a lumen. Thx 


farction corresponded to the 


right middle cerebral artery; vessel was 


main arteries of the brain otherwise showed no 


significant alterations. 


Topographically the cerebral lesions in 


Cases 10 and 11 were similar. The mecha- 


(Case 11).—Pseudoporencephaly. 
I I j 


nism of occlusion of the right cerebral artery 
in Case 10 was embolism, in Case 11, prob- 
ably thrombosis. 


CAUSE OF 
PALSY 


HYDROCEPHALUS AS A 
CEREBRAI 

One of the commonest causes of spasticity 
is hydrocephalus. The mechanism involved 
here is largely mechanical ; as the lateral ven- 
tricles become distended, the cerebral walls 
become stretched in a balloon-like manner ; 
the cerebral cortex is compressed against the 
bony calvarium. This association of cerebral 
dilatation and spasticity has been emphasized 
by Ford ** and Yakovlev.* The thinning of 
the cerebral walls that results is not uniform ; 
whereas the basal portion of the cerebrum 


remains relatively thick and bulky, the supe- 
rior and lateral aspects of the hemispheres, 
involving the critical motor cortex, may be 
reduced to paper thinness. This compression 
and destruction of the upper motor neurones 
and their fiber tracts results in varying de- 
grees of spasticity. 

It should be pointed out that a severe de- 
gree of cerebral dilatation and thinning of 
the cortex may be present without enlarge- 
ment of the head. Paradoxically, there may 
even be some degree of microcephaly in the 
presence of a far-advanced hydrocephalus. 
Spasticity may be present irrespective of the 
cause of the hydrocephalic state. Spasticity 
is common in hydrocephaly resulting from 
formative defects of the aqueduct, Arnold- 
Chiari syndrome, and in hydrocephalus that 
complicates meningitis and other intracranial 
inflammatory disease. 

Intracranial infectious disease in infants is, 
hence, an important cause of cerebral palsy. 
As in the adult, the viral encephalitides may 
cause irreversible damage in the parenchyma 
of the brain; the motor mechanism may be 
severely crippled. However, the effect which 
proved most evident in the present study was 
that which is mediated by a complicating 
postinfectious hydrocephalus. In the course 
of ependymitis and meningitis, the circulation 
of cerebrospinal fluid may be blocked by an 


inflammatory closure of the aqueduct, by 


occlusion of the interventricular channels of 
the brain, or by obliterative adhesions in the 
subarachnoid space. 

Infants with congenital syphilis may pre- 
sent motor handicaps due to direct paren- 
chymal obstruction in the brain, or neuro- 
logic disturbances may be due to a slowly 
developing hydrocephalus; in the latter in- 
stance, syphilitic ependymitis and meningitis 
may bring about closure of the aqueduct or 
the foramina of Luschka and Magendie. In- 
fants with arrested tuberculous meningitis 
are often rendered spastic and demented, 
owing to the development of hydrocephalus 
in a like manner. 

Toxoplasmosis of the brain with its de- 
structive chronic granulomatous inflammation 
and associated hydrocephalus has been dem- 
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Fig. 22 (Case 12).—Toxoplasmosis; death at the 
age of 2 weeks. Rapid progression of hydrocephalus 
and tremors. 


onstrated to be an etiologic factor of signifi- 
cance in certain cases of spastic diplegia.* 


Toxoplasma infestation has a wide geo 
graphic distribution ; neonatal toxoplasmosis 
encephalitis is being recognized with increas 
ing frequency. In the brain, granulomatous 
lesions are built up in the parenchyma, par- 
ticularly in the subependymal tissue; cystic 
lesions may be distributed about the cerebral 
cortex. Dy stre yphic calcification of the lesions 
in toxoplasmosis is characteristic. Hydro- 
cephalus of toxoplasmosis is usually attrib- 
uted to granulomatous inflammation about 
the aqueduct of Sylvius obstructing the flow 
of cerebrospinal fluid. 

The following cases of cerebral palsy are 


due to hydrocephalus ; in some instances the 


hydrocephalus was attributable to infectious 


processes, in other cases the hydrocephalus 
was due to formative defects of the aqueduct 
or foramina of the brain. 


White 
hydrocephalus ; 


12 (Autopsy CA-52-85) male in 


weeks ; 


Cast 


fant, 2 


tox¢ yplasm«e S15 ° 
' 
muscular tremors 


This child 
muscular twitching involving both sides of the body 


was admitted because of generalized 


Considerable enlargement of the head was noted in 


the postnatal period. Gestation and delivery of the 


infant had been uncomplicated. Neurological exami 


nation revealed extremely active deep reflexes. 


dilated 
and scattered foci of calcification at the 


ventricles 
base of the 


Ventriculogram showed greatly 


brain. 


* References 46 through 48 
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Fig. 23 (Case 13).—Hydrocephalus; spasticity ; 
patient 12 years old; chorioretinitis present clinically 
and hydrocephalus of probable toxoplasmosis origin. 


\t autopsy the cerebrum presented the appearance 
of a flabby bladder-like structure (Fig. 22); yellow 
viscid cerebrospinal fluid spilled from the ventricles ; 
the cerebral walls were extremely thin and friable. 
The ependymal lining of the lateral ventricles dis- 
played scattered raised 2 to 4 mm. granular yellow 
The arachnoid at the base of the brain was 
thick and matted. 


foci 
Histologically numerous granu- 
lomas were present through the brain parenchyma. 
Toxoplasma 


were identified histologically in this 


case. 


This case demonstrates the rapid evolution 
of neonatal toxoplasmosis ; the characteristic 
granulomatous ependymal lesions and the 
the cerebral 


hydrocephalic distention of 


Fig. 24 (Case 13).—Granular ependymitis, prob- 
ably of toxoplasmosis origin. 
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hemispheres are responsible for the motor 
symptoms and hyperreflexia. 

Case 13 (Autopsy 10742).—White boy, 12 years; 
spastic diplegia; mental retardation; chorioretinitis 
due to toxoplasmosis (?). 

This 


gradually becam« 


infant was allegedly normal at birth but 


spastic, deaf, and blind. He was 
unable to sit up or in any way attend to his needs. 
This child was the fourth of seven children in the 
family ; the siblings showed no mental abnormalities 


Physical examination at the age of 10 years 
revealed a helpless child, spastic in all extremities 


The head 


ference. Che 


measured 20 in. (50.80 cm.) in circum- 


arms were flexed, the legs were 


crossed. All deep reflexes were hyperactive. Exami 
nation of the fundi revealed an old healed chorio 


retinitis characteristic of toxoplasmosis. 


Fig. 25 (Case 13).—Hydrocephalus of probable 
toxoplasmosis origin; gliosis and disruption of 
neuronal pattern in the cerebral cortex. Hematoxylin 
and eosin; reduced 3; from mag. x 140. 


At autopsy the brain, although weighing only 540 
gm., was disproportionately large owing to extreme 
dilatation of the cerebral hemisphere. The convolu- 
tional pattern presented a cobblestone granular dis 
tortion. The 2 to 4 mm. thick. 
Although the lateral ventricles were greatly dilated, 
the third 


were of 


cerebral walls were 
ventricle, aqueduct, and fourth ventricle 
proportions. On 
Monroe 
of friable tissue, 


average each side, the 


foramen of was closed by a web-like mat 
which apparently accounted for the 
laterai ventricle dilatation. A most striking feature 
was the presence of numerous flat yellow 2 to 5 mm. 
plaques on the ependymal surfaces of the lateral 
(Fig. 24). 


showed a diffuse, 


ventricles Histologically the arachnoid 


low-grade, chronic inflammation. 
The cerebrum showed nerve cells of irregular size 
scattered pattern throughout the 


without cortex 


Fig. 26 (Case 14).—Postmeningitic hydrocephalus 
with clinical spastic quadriplegia. Superior view. 
(Fig. 25). The ependymal granulations and plaques 
noted grossly were composed mainly of hyperplastic, 
loosely arranged glial elements; toxoplasma could 
not be identified histologically. 


The gross appearance of the ependymal 
the the 
chorioretinitis which was evident clinically 


lesions, chronic arachnoiditis, and 
suggest strongly that the process in the brain 
was toxoplasmosis. Paradoxically, in the ab- 
sence of cephalic enlargement the mechanism 
of toxoplasmosis associated with hydroceph- 
alus was not given strong consideration in 


the diagnosis of this case of cerebral palsy 


during life. 
Case 14 (Autopsy 10393). 


postmeningitic organic brain disease; 


White boy, 6 years; 
mental re 


tardation; spastic quadriplegia 


The history of gestation and delivery revealed no 


complications. The child sat up at 5 months, teethed 


at 6 months, and apparently developed normally 


until the age of 7 months; at this time he incurred 


Fig. 27 (Case 14).—Brain, lateral view. 





a severe illness diagnosed as meningitis. At the 
time of this acute illness the infant exhibited rigidity 
of the neck, convulsive seizures, and coma, which 
lasted two weeks. With recovery from the acute 
illness the infant showed distinct evidence of mental 
retardation. 

Physical examination at the age of 6 years 
revealed a completely paralyzed, spastic, helpless 
undersized child. The head was 18 in. (45.72 cm.) 
in circumference. The facial was 
flattened. The head was held at 90° rotation to the 
right; arms and hands were held in flexion; thighs 


expressit ym 


were adducted; legs were extended; deep reflexes 
were hyperactive. 

At autopsy the brain was small (Fig. 26) and 
400 em 
adhesions between the dura and arachnoid. 


delicate 
As the 
brain was removed, the cerebral walls collapsed and 
the brain became flattened (Fig. 27). The 


weighed There were numerous 


convolu 


Fig. 28 (Case 14).—Dilatation of ventricles; de- 
struction of cerebral cortex. 
tional pattern of the cerebrum 


was surprisingly 


well preserved. The leptomeninges over the base 
of the brain were opaque and thickened; there were 
heavy adhesions about the brain stem. The walls of 
the cerebrum averaged 5 to 8 mm. in thickness. The 
ependymal surfaces were smooth. The lateral and 
third greatly enlarged (Fig. 28). 
The fourth ventricle were only 
moderately dilated. Histologically the cerebral cor- 
tex showed few neurones ; 


ventricles were 


aqueduct and 


the lamellar pattern was 
generally obscured; the persisting nerve cells were 
shrunken and deeply staining. Myelin sheath stains 
showed irregular myelinization of the cerebral white 
matter. The arachnoid showed distinct inflammatory 
changes, with many lymphocytes infiltrating the 
meninges and perivascularly in the superficial cor- 
tex. The ependyma showed scattered granulations 
histologically. Myelin sheath stains of the cord 
showed demyelination of the direct and crossed 
corticospinal tracts. 
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Fig. 29 (Case 15).—Hydrocephalus; spastic 
quadriplegia; dilatation of lateral ventricles ; com- 
pression of cerebral cortex, especially the white 
matter 


This case is a classical example of cerebral 
palsy as a consequence of postmeningitic hy- 
drocephalus. Chronic inflammatory changes 


in the meninges and ependyma attest to the 


nature of the primal lesion. It is worthy of 
note that the head, though bordering on 
microcephalic proportions, harbored a brain 
severely hydrocephalic. 


Case 15 ( Autopsy 10069 ).— White boy, 6 years; 


mental deficiency; spastic quadriplegia; convulsive 
State. 

\ccording to the history, this infant at one time 
had demonstrated a high intelligence quotient and 
until the age of 2 years apparently developed nor- 
mally. At that time he febrile 
illness which left him blind, deaf, paralyzed, and 


suffered a severe 


subject to grand mal seizures. The neurologic dis- 
abilities progressed noticeably in the course of time. 


Fig. 30 (Case 15).—Destructive changes in the 
cerebral cortex ; decreased neuronal popu- 
lation. 


gliosis ; 
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at the age of 2 years 
revealed a helpless, spastic, undersized child. The 
Optic atrophy 
The arms were acutely flexed at the 
The left leg was held in extension, the right 


Physical examination 
head was of average proportions. 
was evident. 
elbow. 
in flexion 

At autopsy the arachnoid was opaque and thick- 
ened, particularly about the base of the brain. On 
section the 
ment of the 


cerebrum revealed noticeable enlarge- 
lateral ventricles ; the white matter was 
compressed (Fig. 29). Histologically the arachnoid 
was thickened and infiltrated with chronic inflam- 
matory cells. The cerebral cortex showed a distorted 
lamellar pattern; nerve cells were few; there was 
diffuse gliosis (Fig. 30); the small blood vessels in 
the cortex were hyperplastic and often surrounded 
The 
showed a striking depletion of granuiar and Pur- 


by collections of lymphocytes. cerebellum 


kinje cells (Fig. 31). 


Although the exact nature of the original 
illness in this child is not evident in the his- 
tory, the brain clearly shows the residua of 
a meningoencephalitis. It is likely that the 
neurologic manifestations in this case resulted 
from the direct assault by the inflammatory 
process on the parenchyma and, secondly, 


from the concomitant hydrocephalus. 
Case 16 (Autopsy 10206).—Negro girl, 11 years; 


hydrocephalus; spastic quadriplegia. 


Delivery of this child had occurred at full term 
and had been uncomplicated. The early development 


of this child was considered normal. At the age of 


6 months the infant had measles and thereafter 


showed a gradual enlargement of the head and 


progressive mental retardation. 
Physical examination of the patient at 11 years 


revealed a conspicuous enlargement of the head ; the 


Fig. 31 (Case 15).—Destruction of granular layer 
and Purkinje cells in the cerebellum. 


Fig. 32 (Case 16)—Hydrocephalus; spastic 


quadriplegia. Patient 11 years old. 
There was 


circumference was 26 in. (66.04 cm.). 


severe spasticity of all extremities; the child could 
not walk and had but limited use of the arms. Deep 
reflexes were hyperactive. 

At autopsy the brain was considerably enlarged. 
The arachnoid over the inferior of the brain was 
slightly thickened. The 
flabby bladder-like structure, soft and 
(Fig. 32). Convolutions were broad and flattened. 
All the ventricles, as well 
The wall of the 
to 6 mm. in thickness. 


cerebrum consisted of a 


pliable 


as the aqueducts, were 
cerebrum 


greatly dilated. 


4 
2 
x | 


was 
The cerebral cortex histo- 
logically showed a fairly well-preserved neuronal 
pattern; the nerve cell population s»peared moder- 
ately decreased. There was little evidence of inflam- 
mation in the meninges or in the substance of the 
brain. 


Although the history in this case associates 
the onset of neurologic disease with the epi- 
sode of measies, there was little evidence of 
an antecedent meningitis or encephalitis at 
autopsy. 

Case 17 (Autopsy 10426).—White boy, 7 years; 
mental retardation; spastic quadriplegia. 

This child had shown severe mental retardation 
from the time of birth. Gestation had been compli- 
cated by convulsions in the mother. 

Physical examination at the age of 6 years re- 
vealed an undersized infant spastic in all extremities. 
There were periodic convulsive movements during 
the examination. The head, microcephalic, measured 
17 in. (43.18 cm.) in circumference. The upper 
extremities were acutely flexed at the elbows; the 
hands were clenched. The lower extremities were 
rigidly extended. Reflexes were all hyperactive. 

At autopsy the cerebrum was ruptured in re- 
moving the calvarium; the cerebrum, like a paper 
sack filled with water, collapsed onto the base of 
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The 


Che aqueduct was 


the skull as the cerebrospinal fluid escaped. 
brain (Fig. 33) weighed 310 gm 
The lateral extremely 
dilated; the cerebral walls, 2 to 3 mm. thick, were 
(Fig. 34). The 
The fourth ventricle was of average pro- 

Histologically the 


patent. ventricles were 


extremely friable aqueduct was 
patent. 


portion. thinned motor cortex 


cells; 


through the 


recognizable there 
glial 


cerebral cortex. 


was void of nerve was 


moderate proliferation thinned 


The mechanism responsible for the hydro- 
cephalus in this case is not clear; the altera- 
tion in this brain may represent a develop- 
mental failure of the cerebral structures. Al- 
though a frank inflammatory process was not 
in evidence, the presence of glial proliferation 
in the thinned cerebral wall is indicative of 
a deteriorative process rather than develop- 
mental arrest. 

In this group of hydrocephalic children, 
although severe dilatation of the ventricles 
was present in each case, there was relatively 
little enlargement of the head; on the con- 
trary, microcephaly was frequently present 
in these hydrocephalic spastic patients. 


SUMMARY AND CONCLUSIONS 
Cerebral palsy is the result of a heterogene- 
ous group of pathologic processes, The le- 
sions of the brain in this disorder are incurred 
during fetal and infantile life ; in most cases 
the pyramidal or extrapyramidal system is 
involved. In recent decades, as a result of 


clinical studies and pathologic investigations, 


Fig. 33 (Case 17).—Microcephaly ; hydrocephaly ; 
spastic quadriplegia. Patient 7 years of age. 
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Fig. 34 (Case 17) 
cortex in patient 
cephaly. 


Extreme thinning of cerebral 
with microcephaly and hydro- 


the underlying nature of cerebral palsy, long 
shrouded in ambiguity, has gradually been 
resolved. Only by correlating clinical observa- 
tions with the findings in the brain at autopsy 
can a comprehensive appraisal of the proc- 
esses in cerebral palsy be obtained. 
Twenty-three cases of cerebral palsy, de- 
rived mainly from the population of the 
State School 1950 and 


1954, were examined at autopsy by me in 


Columbus between 
the present study. Three basic pathologic 
types were evident in this group: Develop- 
mental defects of the brain, as recorded in 
a previous report, accounted for the neuro- 
logic disorder in six patients; antecedent 
systemic disorders, such as neonatal anoxia 


and erythroblastosis fetalis, were considered 


to be the mechanism of damage in eight cases ; 


in the third group, nine patients, cerebral 
palsy was due to mechanical injury, hydro- 
cephalus, and other intrinsic local defects of 
the brain. 


Further resolution of the problem of 


etiology in cerebral palsy is of immediate 
importance as a requisite to the successful 
It is 


increasingly evident that cerebral palsy in 


pursuit of prophylaxis and treatment. 


a significant proportion of cases is related 
to systemic disorders of the fetus and infant. 
Consequently, the problem of cerebral palsy 
becomes increasingly the province of the 
general pathologist. 
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, nective Ly ae 


A Technique for Its Isolation and Study 


ROBERT J. BOUCEK, MS., M.D. 
and 
NANCY L. NOBLE, Ph.D., Coral Gables, Fla. 


Connective tissue is a ubiquitous structure 
which supports every organ of the body. It 
comprises the chief tissue of the blood vessel 
intima, the heart valves, muscle tendons, and 
joint capsules, and it provides support for 
all parenchymal organs. Many pathological 
processes are designated as “collagen dis 
eases” and diverse hormonal therapy is em- 
Yet, little is 
known about the growth, biochemistry, en 


ployed in their management. 


docrine regulation, or the relation to sex 
and age of connective tissue. The study of 
this tissue is limited because of its intimate 
association with surrounding structures, such 
as muscle, and because of the inadequacy of 
biopsy samples, postmortem material, or tis 
sue culture technique for reliable and com 
plete biochemical determinations. The need 
of a simple technique for the procurement 
of connective tissue in sufficient quantities 
to provide a wide spectrum of studies is ap 
parent. 

Grindlay and Waugh’ reported upon the 
use of a plastic sponge which excites little 
foreign body reaction when implanted in ani- 
mals and the interstices of which gradually 
become filled with tissue. Because of interest 
aciiaipaittitiinass 
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in the fibroblast and its related structures,” 
a sponge implantation and removal technique 
for the growth and isolation of connective 
tissue was developed in our laboratory. This 
method furnishes an endogenous site favor- 
able to tissue growth and obviates many of 
the inherent difficulties of tissue culture. The 
sponge implantation method for the isolation 
of fibroblasts and collagen fibers has been 
employed during the past year, and this re- 
port presents the technique and its diverse 


applications. However, detailed analysis of 


data obtained by this procedure will be pre- 


sented elsewhere. 


METHODS 


Ivalon,* 


cleansed of 


Polyvinyl sponge, was cut into con 


venient squares, the hygroscopic sub- 


stance and formaldehyde preservative added by 


manufacturer in running water for 12 hours, and 


sterilized in boiling water for 30 minutes or by 
autoclaving for 20 minutes. The 
110 C to constant 


The sponge implant 


sponge was dri¢ d 


in an oven at weight and thet 


weighed in a sterile container 
hamster measured 
weighed 110 to 140 mg. In 


rabbits and humans, sponges measured 2 x 4 X 0.8 


used in rat and 


2x 2x 0.8 cm 


experiments 


and 


cm. and weighed 200 to 300 mg 
The 


saline 


sponge was moistened with sterile isotonic 


aseptically in the 


labo 


solution and implanted 


subcutaneous along the dorsum of the 


Sc 


space 


* Ivalon Clay-Adams_ Co., 


Inc., New 


Surgical 


York 


sponge, 


Fig. 1.—Sponge implant on the dorsum of the 
albino rat and sample of sponge cut for implanta- 
tion in the foreground. 





ratory animal. An incision was made through an 
area locally anesthetized with ethyl chloride. In 
the weanling rat and hamster a single sponge was 
inserted through a transverse incision, while in the 
adult rat 
cutaneous 


two sponges were placed in the sub- 


tissue through a longitudinal incision. 
Figure 1 depicts the relative size and appearance 
of the implanted sponge in an albino rat. The size 
of the dorsum of the rabbit permitted simultaneous 
implantation of 10 sponges through five separate 
incisions. In humans, the sponge was implanted 
under local anesthesia in the subcutaneous area in 
the submammary area along the anterior chest wall. 

The sponge was permitted to remain in some of 
the rats and rabbits for periods in excess of four 
months effects, and its 
removal, also with local anesthesia, was attended 
by little bleeding. The implantation, as well as the 


removal, of the sponge was associated with little 


without any apparent ill 


shock, since pregnant, adrenalectomized or hypo- 
physectomized rats withstood the procedure without 
ill effects. 

After the capsule which grows around the sponge 
was stripped and the tissue-sponge specimen weighed, 
it was cut into small pieces and ground with sand 
or was frozen rapidly and crushed prior to grinding. 
The method of treatment of the specimen depended 
upon the procedures which were to be carried out 
thereon. In respiration studies, the fresh tissue 
block was sliced with a Stadie-Riggs hand micro- 
tome, and for glycogen determinations, the sponge 
was frozen in situ with carbon dioxide as it was 
removed 

Since the polyvinyl plastic is chemically inert, as 
proved by blank determinations on the sponge in 
all the 


and by work of others,' the usual biochemical analyt- 


following described chemical procedures 


ical procedures may be applied directly to the 


sponge-tissue mixture. 

Water concentration was calculated on the crushed 
sponge-tissue block dried to 
110 C 


weight at 
Collagen and elastin were determined on a 


constant 


Fig. 2.—Connective tissue-sponge; fixed. The 


loose nondescript substance between the cellular ele- 
ments represents the sponge. Note dense collagen 
capsule and the loose fibrous structures inside the 
sponge lattice. Hematoxylin and eosin; reduced 


about *% from mag. x 80. 
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dried portion of tissue by the gravimetric method 
of Lowry and co-workers.* Analyses for total fatty 
acids, phospholipid, and cholesterol were made on 
aliquots of a hot 3:1 ethanol-diethyl ether extract 
of the ground frozen or fresh sponge-tissue sample. 
The technique of Stewart and Hendry* was em- 
ployed for fatty acid analysis, and phospholipid 
values were calculated from the lipid phosphorus 
concentration in the extract. Total cholesterol and 
ester cholesterol were determined by the method of 
Kingsley and Schaffert.*? Glycogen was isolated by 
the Good, Kramer, and Somogyi modification of 
the classical Pfliiger method t and was assayed as 
glucose by use of the anthrone reaction.§ 
Deoxyribonucleic and ribonucleic acids were ex- 
tracted from a frozen aliquot of the sponge-tissue 
specimen by a modification of the differential per- 
chloric acid extraction method of Ogur and Rosen,?! 
and the concentrations of the nucleic acids were 
calculated from the phosphorus concentration.|| 
The Conway technique’? was applied for the 
microdetermination of nitrogen on a sulfuric acid- 
digest of the sponge-tissue sample. 
made in a modified 
Ringer-phosphate buffer’* by Dr. A. K. Weiss 
The method of measurement of oxygen consump- 


Respiration studies were 


tion was essentially that of Warburg,'* and oxygen 
uptake is expressed as microliters of oxygen taken 
up per milligram nitrogen of tissue per hour in 


an atmosphere of pure oxygen [Qsrcy) |. 


RESULTS 

A series of sponges fixed, sectioned, and 
stained by different techniques were exam- 
ined by Dr. Maurice Lev of Mount Sinai 
Hospital, Miami Fla. During the 
first week following implantation, the sponge 


Beach, 


becomes encapsulated and fibroblasts begin 
to grow into the interstices of the plastic. 
Scattered polymorphonuclear and round cells 
are likewise observed during the early post- 
implantation period. The leucocytes disap- 
pear as the sponge fills with connective tis- 
sue. Within two weeks the connective tissue 
fills the spaces in the sponge implanted in 
the rat (Fig. 2). A 30-day-old sponge- 
connective-tissue biopsy specimen contains 
some giant cells, but not of the fat-laden or 


+ References 5 and 6. 

t Pfliiger, E. F. W.: Das glykogen, Bonn, 1905, 
p. 53, cited by Good, Kramer, and Somogyi.® 

§ References 9 and 10. 


|| References 5 and 6. 





CONNECTIVE TISSUE 


foamy type. Vascular channels can be ob- 
served early microscopically, and after the 
sponge has been in the animal for 30 days, 
macroscopic vessels can be seen in the in situ 
sponge. The density of the collagen fibers 
appears to be directly related to the length 
of time of implantation. In Figure 2, loose 
connective tissue can be seen with its fibro- 


blasts and collagen fibers in a sponge im- 
planted for 20 days. The capsule, which had 
not been stripped from the depicted speci- 


men, reveals a denser collagen tissue than 
is to be seen in the interior of the sponge. 

Results of the biochemical studies, which 
are presented in the tables, are calculated as 





grams per 100 gm. of fresh tissue (total wet 
weight of tissue minus sponge weight) or 
as per cent of dry tissue weight. The total 
lipid value in Tables 1 and 2 is the sum of 
total phospholipid, total cholesterol, ester 
cholesterol fatty acid,‘ fat.# 

The wet weight of connective tissue with- 


and neutral 
out capsule, obtained from Sprague-Dawley 
rats of weanling to 2 years of age, averaged 
1.4 gm. This amount of connective tissue 
A 

q Ester cholesterol fatty acid=0.73 ester choles- 
terol. 

# Neutral fat=—0.95 [total fatty acid—(phospho- 
lipid fatty acid + ester cholesterol fatty acid)]. 

Phospholipid fatty acid=0.65 phospholipid. 


TABLE 1.—Connective Tissue—Female Albino Rat 


Sponge 
Age, Days RNAt 
13 ; 9.1 

i (3) 
(0.8-4.3) 

4.4 

(3) 
(1.4-8.3) 

Os 

(3) 
(0.8-40.8) 


Deoxyribonucleic acid 

Ribonucleie acid 

Number of determinations 
§ Range of values 


—Connective 


Wet 
Tissue 
Wt., Gm. 


Sponge 
Age, Days RNAt 
13 1.325 1.3 
(6)% (3) 
(0.1-3.0) 
1.423 3 1.0 
(Rm) (2) 
(0.8-1.1) 
1.7 
(2) 
(1.0-2.4) 
14 
(2) 
(0.9-9.5) 


Deoxyribonucleic acid. 

Ribonucleic acid 

Number of determinations 
§ Range of values 


Per Cent of Dry Weight 


Collagen 
46.9 
(3) 
(33.8-61.4) 
38.9 } 53.8 
(3) (2) 
2.3-47.4) (51.3-56.3) 

40.5 7 0.36 
(3) é (2) 
9 6-58.38) 9-23 (0.24-0,.49) 


Total Lipids Glycogen Protein 


.7 22.6 0.32 
(2) 5 (4) 
(18.8-25.9) (0.25-0.39) 
34.5 34.3 0.30 
(1) (2) (1) 
(28.1-40.5) 
30.1 
(3) 
25.7-37.0) 


Tissue—Male Albino Rat 


Per Cent of Dry Weight 
Collagen Total Lipids 


8.1 


Glycogen Protein 


1 
(1) (3) 
(10.8-15.1) 
0 14.5 0.38 
(3) (5) (3) 
(38.6-67.6) (10.1-20.8) (0.33-0.41) 
34.0 20.6 0.32 59.8 
(2) (5) (8) (2) 
(18.0-50.0) (16.1-26.: (0.26-0.39) (51.5-68.2) 
44.5 23.8 - 66.3 
(2) (2) (1) 
(48.8-45.2) (22.1-25.5 
on 9 
(2) 


(23.4-26.9) 





is adequate for a large number of determina- 
tions. The wet weight of the tissue isolated 
was found to be directly related to the dry 
weight of the sponge. Linear regression lines 
for data obtained from 68 sponges implanted 
in male albino rats and 44 sponges in female 
rats demonstrated significant positive cor- 
relation between wet tissue weight and dry 
sponge weight in the male (r=0.51, 
P<0.001*) and the female rat (r—0.76, 
P<0.001). However, the correlation of tis- 
sue weight with sponge weight was not as 
great in the tissues obtained after very long 
implantation, i. e., 110 to 130 days, as in the 
shorter interval sponges. 

It was observed from the data presented 
in Tables 1 and 2 that the tissue weight ap- 
peared to have no relationship to the length 


TABLE 3.—Fourteen-Day Connective 


Wet 
Tissue 
Animal Wt., Gm 


Albino Rat ; : 1.395 
(6)* 
(1.132-1.658) + 


Hamster ° ‘ . nae 1.636 
(1) 


Rabbit...... ° ate 1.348 
(1) 


* Number of determinations 
+ Range of values 


of time of sponge implantation, since the 13- 
day-old tissue weighed as much as the 80- 
or 130-day-old tissue, and no significant co- 
efficient of correlation between these two 
variables was obtained. 

The oxygen uptake of 15 wl per milligram 
of nitrogen per hour is the same as in tissue 
obtained after either 20 or 50 days of growth 
in both the male and the female rat. Con- 
centrations of intracellular and extracellular 
nuclear proteins, i. e., deoxyribonucleic and 
ribonucleic acids, were of the same order in 
the tissue of the male and the female rat and 
did not appear to change with the length of 
time of sponge implantation. The concentra- 
tions of total protein, glycogen, and collagen 
<eaaaiatiinenen 

* The probability (P) of a chance occurrence 
of the difference from the control was taken from 
Fisher’s table of t, in Fisher, R. A.: Statistical 
Methods for Research Workers, Ed. 11, London, 
Oliver & Boyd, Ltd., 1950. 
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did not show significant change with the age 
of the connective tissue. The concentration 
of water was 89.4+1.4% #f in the tissue ob- 
tained from the female rat and did not vary 
significantly with the age of the tissue. How- 
ever, in the tissue from the male rat, the con- 
centration of water was less than in the 
female rat (86.4+2.7%) and decreased sig- 
nificantly with the age of the tissue 
(7 0.56, P<0.05). 

In sharp contrast, the concentration of 
total lipid of connective tissue obtained from 
the rat increases linearly with time. Signifi- 
cant positive correlation between lipid con- 
centration and tissue age was found in both 
the male (r=0.78, P<0.001) and female 


(r—0.75, P<0.001) connective tissue. 


Tissue—Different Species (Male) 


Total Total Total 
Fatty Acids, Phospholipid, Cholesterol, 
Gm./100 Gn Gm./100 Gm Gm./100 Gm. 


0.587 0.539 0.169 
(3) (3) (3) 
(0.478-0.625 ) (0.478-0.660) (0.126-0.226) 
Too low 0.140 0.095 
to measure (1) (1) 

0.127 0.227 0.052 


(1) (1) (1) 


In Table 3, the concentrations of several 
lipid fractions in connective tissue after 14 
days of growth in the albino rat, rabbit, and 
hamster are compared. It was observed that 
collagen tissue after 14 days’ growth in the 
male albino rat contains much larger con- 
centrations of lipids than 14-day tissue from 
the rabbit and hamster. 


COMMENT 

A simple technique for the procurement 
and detailed study of in-vivo-cultivated con- 
nective tissue is presented. No attempt has 
been made to analyze the data obtained, but 
the diverse research designs utilizing this 
sponge-connective tissue technique are indi- 
cated. 

Histologic, histobiochemical, and electron 


microscopy studies are possible with this 


— —— — 


+ Standard deviation of the mean. 





CONNECTIVE TISSUE 


The 


biopsy specimen, which fixes nicely with the 


procedure. sponge-connective tissue 
usual fixatives, may be readily sectioned and 
stained by multiple techniques. A sample of 
1.5 to 3.0 gm. of connective tissue is easily 
isolated and is more than adequate for a 
wide variety of biochemical determinations, 
as demonstrated by the data presented. Re- 
spiratory studies can be carried out without 
any difficulty. The tissue slices with ease, and 
in a Ringer-phosphate buffer solution, oxy- 
gen uptake is sufficient for quantitation. Fun- 
damental respiratory and enzyme studies in 
the Warburg apparatus are being made. 
Finally, this technique, which has _ been 
adapted to the procurement of connective tis- 
sue from humans, offers vast possibilities of 
investigation in man and is being used for 
such studies in our laboratory. 

In the rabbit, multiple-sponge implantation 
permits a long-term study of tissue from the 
same animal. The factor of time and its ef- 
fect under given experimental conditions can 
be closely followed. The apparent differences 
observed in some of the biochemical com- 
ponents of connective tissue obtained from 
rat, hamster, and rabbit may be related to 
differences in growth rate in these three ani- 
mals. Thus, the choice of a species is an 


important consideration in an outline of 
studies pertaining to connective tissue. 

The fact that connective tissue appears to 
be an exceedingly lipid-rich structure is dis- 
this 
total lipid value of 30% of the dry weight is 
surprising, the 


This find- 


cussed briefly in report. However, a 


since few tissues, except 
brain, have values of this order. 
ing of the plethora of lipid material in con- 
nective tissue has resulted in intensive in- 
vestigation of factors which influence con- 
nective tissue lipids, for it must be realized 
that the intimal walls of the vascular channels 
The 


with time of the percentage of lipids in con- 


consist of connective tissue. increase 
nective tissue on a dry weight basis is in- 
teresting since the concentrations of water 
(in the female), nitrogen, glycogen, and 
nuclear proteins and the tissue weight re- 
main relatively constant. This finding has 
been interpreted to indicate that the chemi- 


cal, and perhaps the physicochemical, nature 
of connective tissue changes with time. This 
change may represent a replacement phe- 
nomenon rather than a simple additive one. 
The usual concept of the predominant pro- 
tein nature of connective tissue may need 
modification in the light of these data. 


SUMMARY AND CONCLUSIONS 


A simple technique of implantation of a 
polyvinyl sponge is presented for the isola- 


tion of connective tissue in sufficient quantity 


for a wide variety of studies. 

The amount of connective tissue obtained 
is directly related to the size of the polyvinyl 
sponge-implant. 

The chemical composition of connective 
tissue changes with time. Lipid concentra- 
tion increases gradually and the protein con- 
centration remains constant. 

Connective tissue is rich in lipids. 

There appear to be species differences in 
the chemical composition of connective tis- 
sue. 

Dr. George T. Lewis and Dr. E. Sterling Nichol 
Mrs. 


assistance, 


gave encouragement and advice; 
A. B., 


Maurice Lev 


( oralie Cor- 


liss, 


gave technical and Dr. 


and Dr. A. Kurt Weiss assisted in 


the study 


REFERENCES 
1. Grindlay, J. H., and Waugh, J. M 
Sponge Which Acts as a 
\. M. A. Arch 
Boucek, R. J.; Cameron, G.; 
and Chambers, R.: A 


Plastic 
Living 
63:288, 1951. 

Saurino, V. R., 
Tissue Culture Study of the 


Framework for 


Tissue, Surg. 


Chick Fibroblast in Relation to Streptococcal Fil 
and Rheumatic Heart Disease, Circulation 
2:84, 1954. 

3. Lowry, O. H.; 
E. M.: Determination of Collagen and Elastin in 
Tissues, with Results Obtained in Various Normal 
Tissues from Biol 
139:795, 1941. 

4. Stewart, C. P., and Hendry, E. B.: Deter- 
mination of Total Fatty Acids in Blood, Biochem 
J. 29:1677, 1935. 

5. Fiske, C. H., 
Determination of 
375, 1925. 

6. King, E. J.: 


Phosphorus, Biochem. 


trates 
Res 


Gilligan, D. R., and Katersky, 


Different Species, J. Chem. 


Colorimetric 


Chem. 66: 


and Subbarow, Y 


Phosphorus, i 3 siol 


Determination of 


1932. 


Colorimetric 


J. 26:292, 





A. M. A. ARCHIVES OF PATHOLOGY 


7. Kingsley, G. R., and Schaffert, R. S.: Deter- 11. Ogur, M., and Rosen, G.: Nucleic Acids of 
mination of Free and Total Cholesterol by Direct Plant Tissues: I. Extraction and Estimation of 
Chloroform Extraction, J. Biol. Chem. 180:315, Desoxypentose Nucleic Acid and Pentose Nucleic 
1949. Acid, Arch. Biochem. 25:262, 1950. 

8. Good, C. A.; Kramer, H., and Somogyi, M.: 
Determination of Glycogen, J. Biol. Chem. 100: 
485, 1933. 


12. Conway, E. J.: Microdiffusion Analysis and 


Volumetric Error, London, Crosby Lockwood & 


. : A : Son, Ltd.. 1950. 
9. Dreywood, R.: Qualitative Test for Carbo- . We; K ; PR “ol ; 
hydrate Material, Indust. & Engin. Chem. (Anal. 13. : _— A. oan \daptation « J nats to eee d Air 
Ed.) 18:499. 1946. and Effects on Tissue Oxygen Consumption, Am. 


. *hysi :20 954. 
10. Morris, D. L.: Quantitative Determination J. Physiol. 177:201, 1 
of Carbohydrates with Dreywood’s Anthrone Re- 14. Warburg, O.: Versuche an tberlebendem 
agent, Science 107:254, 1948. Carcinomgewebe, Biochem. Ztschr. 142:317, 1923. 


News and Comment 


ANNOUNCEMENTS 


Medical Research Fellowships.—<A fellowship program to stimulate interest in research 
among medical school students has been announced by the Tobacco Industry Research Committee. 

The fellowships are intended for regular or graduate students interested in devoting their 
summer or “off-term” time to basic research in experimental or clinical sciences, Mr. Hartnett 
said. Each fellowship will provide $500 for the term. 

The fellowship program was recommended by the Scientific Advisory Board, a group of 
nine noted doctors and scientists determining research policy and program for the Tobacco 
Industry Research Committee. Chairman of the Board and scientific director of the Committee 
is Dr. Clarence Cook Little, director of the Roscoe B. Jackson Memorial Laboratory, at Bar 
Harbor, Maine. 

According to Dr. Little, “The program is designed to introduce students to research early 
in their scientific careers. No limitation of any kind is placed upon the field of research which 
may be selected within the areas designated.” 

Recipients of the fellowships will be selected by the deans of the medical schools and all 
applicants must be qualified to undertake summer or “off-term” programs in the laboratories of 
experienced investigators 





ostmortem Microscopic Defects in 


the Jail of : Mitel Man 


REIDAR F. SOGNNAES, D.M.D., Ph.D., Boston 


The teeth are the best-preserved remains 
of the human body after death. During early 
life the teeth of man are fully formed, calci- 
After that the dental 
hard tissues, ur'ike bones, are normally pro- 


fied, and in function. 


tected from secondary cellular remodeling.* 
At the cellular level of organization the teeth 
are thus more morphologically fixed than the 
skeleton and retain forever, at least at the 
microscopic level, various stigmata which 
provide a permanent record of their past his- 
tory, with regard to both the developmental 
and the functional characteristics acquired 
during life. 


In connection with a more extensive study 


of the developmental quality and _ histopa- 


thology of ancient teeth, it was first consid- 
ered necessary to identify and rule out what- 
ever microscopic alterations may have 
occurred after death. Some preliminary his- 
tological observations along these lines have 
recently been reported elsewhere with re- 
spect to the present material = and, inde- 
pendently, in regard to a collection of teeth 
from the Danish Middle Ages.*® 
that 


ancient teeth have been performed mainly 


Before that 
it appears histologic examination of 
to check the presence of dental caries. 

The following report will describe and 
illustrate more fully the commonest types 
of postmortem dental changes that could be 
established grossly and, particularly, through 
histologic examination of teeth from various 
periods and countries of the Old and New 
World. 

Harvard School of Dental Medicine. 

* References 1 and 2. 

+ References 3 and 4. 

t References 6 and 7. 


MATERIAL 
This 


human 


investigation is 
teeth 


based upon a 
back to 11 
history, paleolithic to recent, and originate from 
six geographic locations, Palestine, Egypt, Greece, 
Iceland, Norway, and Central America. 


study of 


which date periods of 


It is readily understood why this type of study 
has definite limitations. It is customary to preserve 
ancient teeth in museums in the original form in 
which they were found. Custodians of such collec- 
tions can be expected to allow microscopic section- 
ing of their specimens only in exceptional cases. 
Old and dry brittle and usually 
subject to fractures or cracks, as a result of which 


teeth are very 
they do not readily lend themselves to microscopic 


sectioning by conventional histologic technique. 
However, with the introduction of hard transparent 
plastics for embedding materials in histologic tech- 
nique, it became easier to prepare satisfactory micro- 
scopic sections of the fragile calcified structures in 
Once this technical difficulty had been 


overcome, several anthropologists here and abroad 


question.® 


generously supplied a number of valuable specimens 


which have been used in the present histologic 


study. 
The 
small in terms of numbers from each source (Table 


material is, nevertheless, comparatively 
1). That is particularly true of the rare specimens 
of paleolithic Palestine teeth, the predynastic Egyp- 
tian, and the old The Greek ma- 
terial contains samples from the longest 
time 


Icelandic teeth. 
span of 
within one and the ranging 
from prehistoric to new Greek time. All of these 


Same country, 
Greek specimens were obtained during a Unitarian 
Service Committee’s Medical Mission to Greece in 
1948, through the courtesy of Prof. John Koumaris, 
Director of the Anthropological Museum of Athens 

The teeth from the Norwegian Middle Ages were 
obtained from the Anthropological Collections at 
the University of Oslo, through its Director, Dr 
E. K. Schreiner, Professor Emeritus. 

The teeth, 


largest number from one single source, as well as 


Pecos Indian which represent the 


the predynastic Egyptian and Guatemalan speci- 
mens, were all obtained from Harvard’s Peabody 
Museum, through the cooperation of the late Prof. 
Earnest A. Hooton who, about 10 years ago, was 
the first to provide specimens for this purpose and 
hence much this investigation 


gave impetus to 
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Through his interest and that of Prof. Hallam L. 
Movius, also of Harvard's Museum, it 
became possible to examine histologically several 
valuable specimens from the Stone Age people of 
Mount Carmel in Palestine, originating from the 


Peabody 


upper Pleistocene period. 

From all sources a total of 209 teeth were ob- 
tained (Table 1), most of which lent themselves to 
histologic preparation (Tables 2 and 3). For this 


purpose several ground sections were prepared of 


TABLE 1.- 


Period and Location 
Paleolithic Palestine 

Predynastic Egypt 

Prehistoric Greece 

Archaic Classic Greece 

Hellenistic 
Posterior Greek Age 


Romaie Greece 


Greek Time 
Ieelandie 
Middle 
Indians 


New 
Old 
Norwegian Ages 
Guatemala 


Pecos Indians 


Total 


Figures in brackets represent deciduous teeth 


2.—Distribution and Type of Postmortem Di 


TABLE 2 
Established by Hist 


No. of No 

Teeth 
Period * Examined 
Cc.) 41 


12 


Prehistorie (3000-750 B 
Archaic-Classie (7 
Hellenistic-Romaic 


336 


)-338 B. ¢ 
(338 B. ¢ 


Posterior Age (| 1800 A 


New Time (1800-1900) 


* The periods of origin of the m 
Museum, who 


author 


selected and provided the above 


Postmortem Changes Establ 


—Source and Size of 


Teeth 
Affected ( 


34 


was supplied by 
specimens for 
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each tooth, altogether about 800 sections. In addi- 
tion, a few smaller slabs from selected specimens 


were prepared as decalcified paraffin sections. 


PROCEDURE FOR PREPARATION OF THE 


HISTOLOGIC SECTIONS 


The procedure to be described is a so-called 


petrification technique which utilizes a_ plastic 


material, methyl methacrylate, for infiltration, 


Vaterial Studied 


Type and No. of Teeth 
Incisors Canines Premolars Molars Total 
l oe 4 5 
2 4 
16 (1) 


sintegration of Ancient and Recent Greek Teeth As 


logic Examination 


No. of Teeth Affected by the Various Types 
of Postmortem Changes 


Diffuse 
Dentin 
dis 
integra- 
tion 


of Erosions 
External 


anals 


Internal 


anals ( Cementum Enamel 


” > 
«> 
Q ) 


8 3 4 
6 
(10% ) 


rical 
the 


Anthropolo 
by 


Athens 
examination 


Director of the 
and histologic 


Koumaris, 
sectioning 


Dr. J 


ished by Histologic Examination of Teeth 


from Various Periods and Locations 


No yt 
Teeth 
Exhibiting 
Post 
mortem 
Changes 


No. of 
Teeth 
Period and Location Examined 
Palestine ) 
Egypt 4 
Ieelandic 
Middle 
Indians 


Paleolithic 

Predynastie 
Old 
Norwegian Ages 
Guatemala 
Pecos Indians 


No. of Teeth Affected by the Various Types 
of Postmortem Changes 
Diffuse 
Dentin 
bis 
integra- 
tion 


Erosions 
External 
Canals 


Internal 
Canals 
l 2 | 


Enamel 
2 1 


Cementum 
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hardening, and protection of the brittle specimens 
during sectioning and grinding. 
Two solutions are required for the embedding of 


the teeth. The first solution, which will be referred 


to as the infiltration solution, consists of inhibitor- 


free methyl methacrylate monomer—that is, the 


commercially available monomer from which the 


inhibitor, hydroquinone, is removed by several 


washings with equal amounts of a 5% aqueous 


solution of potassium hydroxide in a separatory 


funnel. This is followed by several washings with 


equal amounts of water in a funnel 


When the 


finally dehydrated with cupric sulfate and filtered. 


separatory 


water is drained off, the monomer is 


rhe second solution, which will be referred to as 
the embedding syrup, is made from an aliquot of 
the above inhibitor-free monomer by addition of a 
catalyst. This catalyst is prepared by dissolving 
5 gm. of benzoyl peroxide to 100 cc. of inhibitor- 
free monomer. One part of the resulting catalyst 
solution is then added to 10 parts of the inhibitor- 
free monomer. The resulting mixture is carefully 
heated (prepolymerized) to about 70 C on a steam 
bath, cooled in ice water, and heated again several 
times until a syrup consistency is obtained. This 
is a difficult and critical step. 

Before placing the specimen in the infiltration 


solution, it is necessary to carry out dehydration 


through increasing concentrations of alcohol and, 


finally, through xylene in the usual manner re- 


quired for histologic techniques. A rapid 


dehydration can be achieved by immersion in diox- 


more 


ane. This is satisfactory for dry, old teeth where 
one does not have to be concerned with shrinkage 
and histologic detail of soft structures, such as the 
pulp and periodontal tissue, which are obviously no 
teeth. After dehy- 
dration, the specimen is immersed in the infiltration 


longer preserved in exhumed 
solution for one to several days. From this solution 
the specimen is transferred to the embedding syrup, 
which, when hardened, is to serve as a rigid pro- 
Small 


boxes 


tection during the sectioning. glass vials, 


gelatin capsules, or small made out of tin 


foil are suitable for the embedding. During the 


polymerization the be kept in a 


closed container in order to avoid evaporation. If 


specimen may 
the embedding syrup is successfully prepolymerized, 
it is possible to harden a 1-in. tall column of the 
syrup in the course of one day by intermittent 
10 minutes at a time, 


one-half to 


heating to 50 C for about 
with periods in room temperature of 


one hour in between. 

When the plastic has hardened, the embedded 
tooth is removed from its container (glass vials 
may have to be broken) and cut into thin slabs. 
The cutting can be done with a fret saw or, if a 
greater number of sections are desired, by means 
of a machine utilizing circular steel saws, spaced 


about 1 to 2 mm. apart. The individual slabs can 


TEETH 


be ground to microscopic sections immediately or 
after mounting on plastic slides by means of plastic 
cement. In either case, the sections are first ground 
on rotating carborundum stones; next, on a fine 
Arkansas stone, followed by polishing with a rag 
wheel. Further details regarding cutting and grind 
ing are recorded elsewhere.® 

The 
material is to serve as protection during the cutting 


main function of the plastic embedding 
and grinding process, and the material can be re- 


moved thereafter for staining of well-preserved 
sections. In order to remove the plastic material, 
the section, resting on a thin metal screen, is soaked 
\fter this, 


the “deplasticized” sections can then be stained as 


in inhibitor-free monomer overnight. 
ordinary deparaffinized sections if so desired an 
mounted on glass slides with balsam and coverslips 
in routine fashion. This latter procedure gives 
excellent optical results and assures a more per- 


manent mounting of the specimens. 

Very often one will find that ancient teeth, owing 
to drying and other postmortem changes, are so 
brittle and fractured that if the plastic is dissolved 
the section will go into numerous pieces. In such 
that the need the 
rigid block of plastic material for protection, not 


cases, it is obvious specimens 
only to be successfully cut into sections but for 
subsequent preservation and study. When the plastx 
material is retained for permanent support, the sec 
tions can be ground individually mounted on glass 
slides in glycerin jelly 


and covered by ordinary 


glass cove rslips. 
GROSS CHARACTERISTICS 

3efore the teeth were prepared for histo 
logic examination, the specimens were exam 
ined grossly, photographed, and x-rayed. 
The enamel covering the crowns of the teeth 
was generally surprisingly well preserved 
Even some of the oldest specimens had re 
tained a normal hard and glossy enamel sur 


face, as illustrated in Figure 1, a tooth orig 


inating from the prehistoric Greek period 


and buried for over 4000 years. An x-ray of 
the same tooth, seen in Figure 2, indicates, 
furthermore, that the enamel has uniformly 
retained enough of its mineral components 
to absorb the x-rays in the manner of a nor- 
mal, freshly extracted tooth. Localized areas 
of the enamel surface occasionally exhibited 
a dull porous appearance, as if etched by 
acid. Minor enamel fractures were of com- 
mon occurrence. Thus, more than one-third 
of a total number of 88 teeth from various 
periods of Greek history presented grossly 
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visible cracks and fractures, which were 
probably due to drying and handling. 

The root surface of many of the exhumed 
teeth presented a dry, porous, and dull ap- 
pearance. Upon further examination such 
specimens could be divided into two cate- 
the 
weight of the teeth were equal to or exceeded 
the teeth. When 


merged in 10% nitric acid, the roots of such 


gories. In one, x-ray absorption and 


average for normal sub- 
teeth seemed to be abnormally acid-resistant. 
left a 
matrix of 


Removal of the mineral 
the 


component 


meshwork unlike leathery 


Fig. 1. 


Molar tooth from prehistoric Greece, photographed by reflected light. 
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tin, thereby giving the roentgenological ap- 
pearance of undermined enamel similar to 
that produced by caries at the neck of a 
tooth. border of 
dentin around the wall of the pulp chamber 


Furthermore, a narrow 
appears to have become similarly radiolucent. 
The latter type of specimen weighed less 
than normal teeth of the same size and could 
be completely decalcified in a relatively short 
time, less than that required for freshly 
extracted teeth. Instead of the leather-like 
matrix of normal teeth, the decalcified roots 
could be pressed together like a sponge. This 


The enamel 


surface has retained its normal glossy appearance, while the root has a dull, porous surface. x 3. 


Fig. 2 


X-ray photograph of the molar shown in Figure 1. The white outline of the enamel 


cap indicates normal x-ray absorption, while the root, especially its apical region, shows unusual 
radiolucency, indicating loss of the normal mineral content. x 3 


freshly extracted teeth similarly decalcified. 
This difference may have been due to a par- 
tial replacement of destroyed areas of dentin 
by highly mineralized matter 

The other category presented a similar sur- 


face appearance ( Fig. 1 ) but the x-rays read- 


ily penetrated a large portion of the teeth, as 


illustrated in Figure 2. In this case, it is 
noted that the radiolucent area is most evi 
dent at the tip of the roots but also extends 
on one side of the tooth into the crown den- 


562 


that this 
of tooth, besides the loss of the normal min- 


crude observation indicated type 
eral component, had also suffered some loss 
of the organic framework. In further con- 
trast to a normal dentin matrix, the remain- 
ing organic meshwork could easily be teased 
apart under a dissecting microscope and 
separated into shining bundles reminding 
one of the appearance of tendons. Through 
further examination it could, in fact, be con- 
had retained the 


firmed that this material 
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pattern of collagenous fibers, in spite of the 


fact that the teeth had been buried in the 


ground for hundreds of years. 

\ll in all, about 40% of the Greek teeth, 
particularly the roots, exhibited the grossly 
visible external 


porous appearance of the 


surface. Whether this was due to a simple 


acid erosion or to changes in the underlying 


Figs. 3 to 6 


Peloponnesus, Mycenae; Fig. 5, 


from Laricos, Thessalia). « 90. 


TEETH 


tooth substance could not be determined by 


gross inspectic ym. 


HISTOLOGIC CHARACTERISTICS 


Histologically, it was possible to distin- 
guish between several types of postmortem 
changes in the teeth. The enamel exhibited 


surprisingly few histologic differences from 


Photomicrographs of ground sections showing different patterns of postmortem 
canals penetrating the dentin of teeth from prehistoric Greece (Figs. 


3 and 4, from Asine, 


from Markopoulo, Attica) and from New Greek Time (Fig. 6, 
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12 x 


Figs. 7 and 8.—Undermining of the enamel at the neck of molar teeth from prehistoric Greek 
period (Fig. 7 from Markopoulo, Attica; Fig. 8 from Thespiae, Attica). Grossly this type of 
destruction could be mistaken for dental decay (cementum caries). Histologically, the pattern 
of destruction, unlike caries, consists in irregular postmortem canals crossing the dentinal tubules. 
Ground sections; x 25. 

Figs. 9 and 10.—Sections of prehistoric Greek molar from Olynthus, Macedonia, buried for 
nearly 4000 years. Postmortem surface erosions of the enamel cut abruptly across the growth 
lines and without sign of vital reactions in the underlying tooth structure. Ground sections, 
carmine stain; x 30 and x 50, respectively. 


Fig. 11.—Three caps of enamel (viewed from internal surface) recovered from old grave in 
Finland indicating postmortem durability of the enamel after complete destruction of dentin, bone, 
and the rest of the body. (From Bornsdorff, P.: Odont. Tidskr., 1932, Vol. 40, p. 203, Fig. 10a). 


Fig. 12—Ground section through enamel cap from Guatemala Indian molar grossly similar 
to the enamel caps shown in Fig. 11. Although brittle and cracked, the external outline and the 
internal pattern of growth lines and prism structure are well preserved. Unstained ground 
section; x 5. 
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the appearance of freshly extracted teeth. 
Cementum, and 


bone, on the other hand, showed striking his- 


dentin, adherent alveolar 
tologic alterations that could hardly have 
been predicted from gross inspection of the 
outer surface of the specimens. 

1. Dentinal Canals.—Unlike anything ob- 
served in freshly extracted specimens, it was 
found that abnormal canals either entered 
the teeth from the inside through the pre- 
dentin or penetrated the cementum-covered 
roots from the outside. More than one mor- 
phological pattern of these canals could be 
recognized, as illustrated in Figures 3 to 6. 
One type was characterized by long and nar- 
row canals which often penetrated the whole 
width of the thread-like 
These canals were 2u to 10 thick, occasion- 


dentin in canals. 


cork- 
screw-like penetration. Another type showed 


ally wider, sometimes exhibiting a 
a tendency to form several branches, 15y to 
25 thick. This seemed to be the commonest 
type. Its characteristic pattern is best shown 
in Figure 6. The largest canals, and hence 
the most destructive ones, sometimes reached 
a diameter of from 50, to 100» and were 
easily identified by the ampulla-shaped wid- 
enings shown in the middle of Figure 4. 
In the tooth shown in Figure 7, this type of 
destruction has produced a localized under- 
mining of the enamel at the neck of the tooth, 
a defect which grossly and roentgenologically 
might have been mistaken for dental decay. 

Two of the most significant characteristics 
of these canals were, first, their width, which 
exceeded that of the normally present den- 
tinal tubules, and, second, the fact that the 
canals penetrated in all directions and across 
the intertubular matrix rather than along 
the dentinal tubules. Where the pulp cavity 
of the teeth was readily accessible through a 
wide apical foramen, the canals were most 
frequently found to enter the lesser calcified 
predentin zone and from there proceeded 
toward the periphery. This type of change 
was particularly common in teeth which pre- 
sented a dull, porous appearance of the ex- 
ternal root surface, a lower than normal 
weight, and a greater penetration to x-rays. 
The presence of the canals in the dentin ex- 


TEETH 


plains the enhanced transmission of x-rays 
previously noted in Figure 2, as well as the 
scattering and, hence, hampered transmission 
of ordinary light through ground sections, 
especially when viewed at low power, as will 
be illustrated below (Fig. 14). 

The cementum covering the root-dentin 
of the teeth did not prove a barrier to the 
Where 


primary penetration of the cementum oc- 


agents responsible for the canals 


curred near the enamel junction, the destruc- 
tion may clinically and roentgenologically be 
mistaken for cementum caries. Histologi- 
cally, on the other hand, there were distinc- 
tive differences between the postmortem 
penetration and the intra vitam type of in- 
vasion characteristic of caries. Unlike caries, 
which usually follows definite pathways in a 
consistent relationship to the morphological 
pattern of the teeth, the postmortem canals 
were very irregular, running across rather 
than along the direction of the dentinal tu- 
bules. Another histological characteristic, 
hinting postmortem destruction, was the ab- 
sence of vital response in the neighborhood 
of the “cavities” produced in the teeth after 
death. No evidence of secondary or trans- 
parent dentin, which are familiar reactions 
to intra vitam lesions of the teeth, could be 
observed in a logical proximity to the type 
of destruction just described. A few photo- 
micrographs will serve to illustrate these dif- 
ferences. Figures 7 and 8 show teeth in 
which the enamel at the neck of the teeth is 
undermined by postmortem destruction of 
the dentin, which penetrates in all directions 
unrelated to the pathway of the dentinal 
tubules. In Figure 14, on the other hand, the 
neck of the tooth is affected by caries, which 
has produced an undermining cavity and a 
tract of transparent and secondary dentin 
below the carious lesion. 

The enamel, which during life is so ex- 
tremely susceptible to destruction in the form 
of dental decay, was not found to be invaded 
or destroyed by the postmortem canals de- 


scribed above. Enamel is devoid of collagen. 


2. Diffuse Disintegrations and Petrifica- 
tion.—Occasionally, the teeth had lost their 
normal microscopic appearance owing to a 
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Fig. 13.—Ground section of molar tooth from Eleusis, Attica, Dipylon Age of prehistoric 
Greece. Histologically, this tooth is perfectly normal, without any postmortem changes in spite 
of several thousand years of burial. Ground section: x 5. 

Fig. 14.—Ground section of Pecos Indian molar buried for a few hundred years only. Before 
sectioning, the root of this tooth was found to be porous and radiolucent. Histologically, the 
dentin is extensively broken up by postmortem canals, which break the transmitted light and 
give rise to the dark zones. The enamel is intact except for a cavity produced during life (caries), 
as suggested by its shape, its primary localization in the enamel proper, and by the formation of 
the underlying dentin tract and secondary dentin. x 5. 

Fig. 15.—Ground section through mesial enamel defect of molar from Naxos, Aegean Islands, 
New Greek Time. The abrupt termination of the growth lines before reaching the normal 
curvature of the enamel surface indicates that this defect was not produced during development 
of the tooth. The localized triangular dark zone observed in the underlying enamel suggests an 
intra vitam reaction associated with function of the tooth (interproximal wear) rather than a 


2S 


postmortem defect. « 2: 

Fig. 16—Ground section through a cervical deformity in the enamel of molar from Naxos, 
Aegean Islands, New Greek Time. The deviation of the growth lines (striae of Retzius), which 
are readily seen by the histological examination, offers proof that this is an intra vitam deformity 
and that it is produced during the early development of the tooth, more specifically at the age 
of about three years and not after death of its late possessor. x25. 
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more diffuse change in the dentin. Ground 
sections of such teeth had lost their normal 
transparency and appeared yellowish brown 
to the naked eye. Under the microscope such 
sections appeared as if decalcified in strong 
acid, and yet the hardness of the tooth sub- 
stance indicated the presence of a high con- 
tent of relatively homogeneous inorganic 
matter believed to be caused by secondary 
petrification. 

3. Surface Erosions.—In addition to the 


above-mentioned changes in the internal 
tooth substance, the surface of the teeth oc- 
casionally had an etched appearance. When 
stained in toto with carmine or similar dyes, 
such regions were easily penetrated by the 
stain. This condition was quite common on 
the cementum surface and was the only 
definite postmortem change found in the 


enamel. Occasionally this process had ad- 


vanced to a point where it became grossly 


visible, appearing as if the surface had been 
etched. Histologically, these lesions were 
irregular, as shown in Figures 9 and 10, 
unlike the diffuse etching produced by an 
even exposure of a tooth surface to acid. 
It is interesting to note in this connection 
that 


occasionally be entirely lost as a result of 


all of the cementum and dentin may 
postmortem disintegration, leaving complete 
shells of enamel as the only bodily remains 
in the burial ground (Fig. 11). Such shells 
of enamel can be sectioned only with diffi- 
culty, as indicated in Figure 12, but 
nevertheless 


can 
provide unmistakable micro- 
scopic evidence of developmental and intra 
vitam morphological characteristics, as ex- 
emplified by the accentuated growth lines in 
Figure 12. 

4. Distribution of _ the 
Changes. 


Postmortem 
In Tables 2 and 3 an attempt has 
been made to sum up a few quantitative data 
from the limited material studied to date. Al- 
together about two-thirds of the exhumed 
teeth exhibited one or more of the three 
aforementioned types of postmortem disin- 
tegrations. 

The penetrating canals proved to be the 
most frequently found type of destruction. 


In the Greek material (Table 2) about 60% 


TEETH 


of the affected teeth were invaded from the 


external cementum surface (“external 


canals’), 70% from the pulpal or internal 
dentin surface (“internal canals’’) ; in other 
words, many specimens were attacked from 
both inside and outside. This type of de- 
struction consistently exceeded in frequency 
the other types in all of the material studied, 
teeth 
Guatemala Indians which showed predomi- 


except the few obtained from the 


nantly a diffuse disintegration 
(Table 3). 


Erosions were less frequent. In the Greek 


more 


material, approximately 40% of those teeth 
which were affected by postmortem changes 
showed histologically recognizable erosions 
on the cementum surface of the roots and 
30% of surface of the 


\ comparison of Tables 2 and 


the enamel crown. 
3 makes 
it obvious that the degree of postmortem 
disintegration gives no reliable clue as to the 
age of the various groups of material. Of 
Middle 
Ages, less than 500 years old, nearly all 
(91%) 


ceeding the frequency found in the teeth from 


the 23 teeth from the Norwegian 


showed postmortem changes, ex- 
prehistoric Greece, which teeth had been 
buried for several thousand years. Two of 
many examples of this situation are repro- 
duced in Figures 13 and 14. The tooth shown 
in the histologic section in Figure 13 is 
structurally perfectly normal, as if it were 
freshly extracted, although it dates back to 
the prehistoric Greek period and, thus, has 
been subjected to postmortem conditions for 
over 4000 years. The tooth shown in Figure 
14, on the other hand, a Pecos Indian molar, 
has been buried for only a few hundred years, 
and yet it shows the typical histologic ap- 
pearance of a tooth affected by the destruc- 
tive internal canals penetrating most of the 
dentin. 

There is a suggestion, however, that the 
teeth obtained from the various periods of 
Greek history, have become increasingly af- 
fected with the increase in postmortem age 
(Table 2). 


teeth were affected as compared with 33% 


Thus, 83% of the prehistoric 


of those from the New Greek period. The 
erosions showed the most consistent increase 
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in frequency with increasing postmortem age 
of the material. In fact, the only Greek teeth 
which exhibited this type of disintegration 
in a relatively large number of cases were 
those dating from the prehistoric period. The 
fact that no postmortem changes were ob- 
served in the teeth from the predynastic 
Egyptian and the Old Icelandic period may 
only serve to show that the postmortem age 
of single teeth cannot be predicted by the 


absence, presence, type, or degree of post- 


mortem disintegrations. 

5. Differential Diagnosis —There are sev- 
eral histological landmarks whereby the post- 
mortem changes described above can be dis- 
tinguished from developmental disturbances 
The 
distinction between these categories is par- 


and postformative intra vitam lesions. 


ticularly important in regard to the enamel, 
since this external covering of the tooth is 
of primary diagnostic value to the anthro- 
pologist and pathologist. 

A developmental deviation from the nor- 
mal contour of the enamel surface will re- 
flect itself histologically in the arrangement 
of the growth lines (striae of Retzius) of 
the enamel. An illustration of such a case 
is shown in Figure 16, where the external 
cervical defect in the surface contour is paral- 
leled by the internal incremental contour 
lines of the enamel laid down during early 
life of the late possessor of the tooth. 

A lesion of the enamel produced after for- 
mation of the tooth, on the other hand, will 
cause a break in the incremental contour 
lines, resulting in a secondary discontinuity 
of the formative pattern of the enamel. If 
such a postformative lesion has been pro- 
duced when the tooth was in function in the 
mouth, certain reactions may also be ob- 
served in the underlying dental structures, 
either in the form of a demarcation barrier, 
as shown under the interproximal attrition 
in Figure 15, or in the form of reactions in 
the dentin shown under the carious cavity in 
Figure 14. 

If the observed changes have occurred 
after death, such as the dentin invasion in 


Figures 7 and 8 or the enamel erosions in 
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Figures 9 and 10, then there will be no evi- 
dence of any biological reaction in the tooth 
anatomical 


lies in direct 


proximity to the lesion. 


substance which 


COMMENT 

Among the various dental diseases de- 
scribed by Hopewell-Smith ® in his textbook 
on histopathology of the teeth, he refers to 
two cases of a disease which he calls “fungoid 
excavations.” The sections which Hopewell- 
Smith used for illustrations show what ap- 
pear to be types of canals in the dentin simi- 
lar to those which in the present study have 
been attributed to postmortem changes. He 
suggests that these canals represent a new 
and extremely rare type of pathology occur- 
ring during life. However, in view of our 
present observations it is significant to note 
that the two cases referred to by Hopewell- 
Smith actually were observed in exhumed 
teeth, in which we have seen that the condi- 
tion, on the contrary, is extremely common. 

Until similar canals are demonstrated in 
sections of freshly extracted teeth, it must, 
therefore, be concluded that we are dealing 
with a condition which has not been proved 
to occur during life but is very common 
after death. In further support of this con- 
tention is an accidental, but important and 
apparently little known, observation made 
about a century ago by Wedl.'® He tells of 
having asked an employee at a morgue to 
extract and save some teeth before disposing 
of the dead. By mistake, the teeth were left 
in a glass of polluted water for 10 days be- 
fore being prepared for histologic examina- 
tion. Upon sectioning, Wedl discovered a 
number of previously undescribed canals 
penetrating into the dentin and cementum 
from the When Wedl’s 
drawings recently came to my attention and 


outside surface. 
were compared with the photographs of the 
present study, especially those in Figures 3 
and 6, the similarity became immediately 
apparent. This characteristic postmortem 
dental destruction, as well as the canals 
which Roux ** 20 years after Wedl’s report 
observed in exhumed bone, may, therefore, 
more appropriately he termed “Wedl’s 
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canals,” as suggested in a historical note by 
Schaffer.** 

The external canals observed by Wedl 
were obviously produced under somewhat 
circumstances, after 


unusual immediately 


death and in the course of less than two 


weeks. It is not known whether the canals 
observed in our exhumed specimens were 
similarly produced shortly after burial, be- 
fore the process of putrefaction set in, or 
later. Some of our observations suggest that 
much of the postmortem destruction must 
have taken place a longer time after burial. 
In the first place, it was noted that the in- 
ternal canals occurred with greatest fre- 
well 


soft 


quency. This means that the pulp, as 
| \ I 


as periodontal membrane and other 


structures, must first have undergone pro- 
teolysis and that many of the teeth must have 
been severed from the jaw before becoming 
accessible to the agents responsible for the 
canals. Second, it has been noted that the 
regions bordering on cracks in the teeth are 
favorable sites for the invaders. Such cracks 
are most likely to have occurred some time 
after burial, due to a drying-out process. 
Another favored site for the spreading of 
the canals is the junction between cementum 
and dentin and also the dentin near the den- 
toenamel junction. Here, again, the drying- 
out process would cause tension due to the 
different coefficient of expansion between the 
This 


would be expected to take some time, which 


two structures. drying~ yut process 


is in keeping with the greater frequency of 
the postmortem canals in the older teeth ob- 


tained from one and the same geographic 


region. 

The agents responsible for the pattern of 
the postmortem destruction of the dentin and 
cementum, as observed at the microscopic 
level (Figs. 3 to 6), have not been definitely 
established. A few specimens appeared to 
contain highly refractile thread forms within 
some of the canals, but these may have been 
artifacts caused by the drying-out process 
of larger organisms. Many of the canals 
were very similar to those thought to be 
caused by the invasion of fungi, as suggested 
by the early observations of Wedl,?° whereas 


TEETH 


Werner ® suspected algae and worms as be- 
ing capable of causing similar canals. The 
fact that the canals vary in width and extent 
of penetration would, however, not neces- 
sarily mean that different types of organisms 
are involved, because their pattern may well 
depend upon the conditions met along the 
way, which may allow for periodic lateral 
action instead of forward penetration. The 
secondary infiltration of minerals noted in 
some of our dental specimens may be similar 
to that observed in old exhumed bones and 
attributed largely to deposition of calcium 
carbonate.” 

Various agents may be responsible for the 
surface destruction which was observed in 
the cementum and which represented the 
only significant postmortem change in the 
enamel. The fact that the enamel, which is 
the most exposed and the most acid-soluble 
part of the teeth, was usually less affected 
than the cementum suggests that the erosions 
are not due to a generally acid environment 
surrounding the whole jaws and teeth but 
must be due to destructive agents localized 
at certain regions of the teeth. 

These erosions do not have the appearance 
of caries except when occurring at the neck 
of the teeth in combination with other post- 
mortem changes, as those shown in Figure 7. 
Investigators have in the past expressed 
doubts as to the intra vitam nature of caries- 
like cavities when observed in the enamel of 
prehistoric teeth. It would seem from our 
that the 
proper observed by gross inspection of pre- 


observations cavities in enamel 


historic and ancient teeth may with some 
confidence be attributed to intra vitam pa- 
thology, hypoplasia, or caries, and, when 
doubts exist, the differential diagnosis may 
be established by histologic examination, as 
indicated above and elsewhere.§ 

Acid soil would be expected to give a gen- 
eralized surface etching all over the tooth, 
but this is rarely seen. The demarcated de- 
calcification zones in the tooth surface (Figs. 
9 and 10) are suggestive of a localized cause. 


In the case of the external tooth surfaces it 


§ References 6 and 7. 
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seems logical to assume that the postmortem 
destruction would be favored by the aerobic 
conditions in the upper layer of the soil 
within a relatively short period after death 
before bacterial and gaseous products of 
putrefaction become predominant. However, 
this does not satisfactorily explain the loca- 
tion of the internal canals within the less 
accessible deeper portions of the teeth. The 
production of these defects would require 
longer periods. 

Finally, one should perhaps not overlook 
the possibility that the defects described 
above occasionally may be produced after 
exhumation of the skulls and teeth, in cases 
where the specimens, when stored, were cov- 
ered with wet ground, in which case condi- 
tions would prevail similar to those reported 
by Wedl.’® However, for the major destruc- 
tion this would seem to be a somewhat re- 
mote possibility, because the postmortem de- 
struction has often been grossly evident at 
the time of exhumation, sometimes to an ex- 
tent where only the caps of enamel remain 
(Figs. 11 and 12). Such destructions are 
obviously not produced during life but occur 
some time after death and before exhuma- 
tion. 

SUMMARY 
This paper describes the gross appearance 


and histologic postmortem changes ob- 
served in human teeth of prehistoric, ancient, 
and recent times originating from Palestine, 
Egypt, Greece, Iceland, Norway, and Cen- 
tral America. The histological observations 
that the 


change consists in 


indicate commonest postmortem 


large irregular canals 
which penetrate the dentin and cementum, 
a condition not known to occur in teeth dur- 
ing life. The microscopic pattern of the post- 
mortem destruction is most suggestive of an 
invasion by fungi. Postmortem changes are 
rarely found in the enamel and were, in this 
series, limited to localized areas of decalcifi- 
cation or erosion of the enamel surface. A few 
histologic landmarks are recorded by which 
to distinguish intra vitam and postmortem 
lesions of the teeth. Formative abnormalities 
reflect themselves in the pattern of the incre- 
mental growth lines. Defects arising during 
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function are indicated by a break in the con- 
tinuity of the incremental contour lines ac- 
companied by certain vital reactions in the 
underlying dental structures. Postmortem 
destructions are indicated by their unusual 
histological pattern and by the absence of 
vital reactions in proximity to the defects. 

This investigation was supported by grants from 
the Division of Research Grants and Fellowships, 
U. S. Public Health Service, and in part by the 
Eugene Higgins Trust. Mr. George Pettengill gave 
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ee of Staining Techniques 
in the Histologic Diagnosis of Fungi 


HAROLD KADE, M.D. 
and 
LEO KAPLAN, M.D., Los Angeles 


Fungi have been noted, in both necropsy 
and surgically obtained tissues, with increas- 
ing frequency over the past six years and 
are often observed microscopically in in- 
stances where neither clinical evidence nor 
gross appearances their 


suggest presence. 


Since the tissue, because of fixatives, is 
unsuitable for culture identification of these 
pathogenic fungi, we endeavored to evaluate 
a number of currently popular histochemical 
techniques that are recommended for the 
demonstration and identification of these 
organisms in tissue. Although our expe- 
rience has been restricted to a relatively 
small number of procedures, we soon noted 
that some effectively demonstrate many dif- 
ferent fungi, whereas others are useful only 
for a particular type. 

We have attempted to ascertain (1) the 


‘ 


efficiency of these methods as “screening” 


procedures, (2) the production of fungus- 


like artifacts in tissues commonly examined, 
and (3) the comparative usefulness of these 
a 

Veterans 
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ministration Center and the Department of Pathol- 


Laboratory 


ogy, University of California at Los Angeles School 
of Medicine 
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and Mr. Abe M. Breslau gave technical aid in the 
preparation and staining of slides used in this study. 
Mr. William L. M. Martinsen prepared the photo- 
micrographs. Dr. Louis L. Winer gave criticism 
and advice from the inception of this study to its 
completion. Miss Martha S. Wolking prepared the 
manuscript and charts. 


stains in identifying specific fungi. In this 
last respect we have considered both clarity 
of mycologic detail and specific histochemical 
reactions. 


MATERIALS, METHODS, AND THEORY 

For all but one fungus studied, formalin- 
fixed human tissues were selected.* The nine 
frequently encountered fungi selected for 
2) As- 
pergillus fumigatus, (3) Blastomyces der- 
matitidis, (4) Candida albicans (Monilia), 
(5) Coccidioides immitis, (6) Cryptococcus 


study were (1) Actinomyces bovis, 


hominis (Torula histolytica, Debaryomyces 
neoformans), (7) Histoplasma capsulatum, 
(8) Nocardia asteroides (acid-fast variety ), 
and (9) Nocardia asteroides (non-acid-fast ). 

Seven staining techniques were used: 
hematoxylin and eosin, Giemsa,’ acid-fast, 
Brown - Brenn,t Hotchkiss - McManus, 
3auer,® and Gridley.” These techniques were 
selected to elicit a variety of histochemical 
properties of fungi* and were performed 
according to the literature cited. The Safra- 
nin-fast green § was also studied but con- 
tributed insufficient additional information 
to warrant inclusion. 

Hematoxylin and eosin and the Giemsa 
stains differentially color both nuclei and 
cytoplasm. Since there is no sharp color 
contrast between tissue cells and fungus 
forms, distinction is strictly a matter of 


morphology. 


* Tissue containing Aspergillus fumigatus was 
obtained from a white rat inoculated intraperi- 
toneally with stock culture organisms. 

+ Kinyoun, J. J.,3 and in Ash, J. E.,? pp. 36 and 
a. 

t Brown, J. H., and Brenn, L.,4 and in Ash, 
J. E.,? pp. 34 and 35. 

§ Reference 9 and Johansen, D. 
Tarbet, J. E., and Breslau, A. M.® 


A.,!° cited by 
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Fig. 1—Reduced \% from mag. x 100. 


A, Actinomyces bovis (Brown-Brenn); B, Aspergillus fumigatus (Gridley) 
dermatitidis (Gridley) ; 


; C, Blastomyces 
; D, Candida albicans (Brown-Brenn) ; E 


, Coccidioides immitis (Gridley) ; 
F, Cryptococcus neoformans (Brown-Brenn); G, Histoplasma capsulatum (Brown-Brenn); H 
Nocardia asteroides—acid-fast (Kinyoun); /, 


Nocardia asteroides—non-acid-fast 
Brenn). 


(Brown- 
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Fig. 2—Reduced 45 from mag. x 400. 


> 


A, Actinomyces bovis (Brown-Brenn) ; B, Aspergillus fumigatus (Gridley) ; C, Blastomyces 


dermatitidis (Gridley) ; D, Candida albicans (Brown-Brenn) ; E, Coccidioides immitis (Gridley) ; 


F, Cryptococcus neoformans (Brown-Brenn); G, Histoplasma capsulatum (Brown-Brenn); H, 


Nocardia asteroides—acid-fast (Kinyoun) ; /, Nocardia asteroides—non-acid-fast (Brown-Brenn). 





The acid-fast stain is useful only where 
the organism possesses acid-fastness as a 
chemical characteristic. However, the meth- 
ylene blue counterstain will nonspecifically 
color many fungi. Lipogenic pigments, such 
as lipofuchsin, hemofuchsin, cytolipochromes, 
ceroid, etc., may exhibit acid-fast qualities 
to a varying degree,"’ and oxidation prod- 
ucts of unsaturated fatty acids (in necrotic 
debris) may occasionally produce acid-fast 
artifacts to further confuse the uninitiated. 

The Brown-Brenn technique is simply a 
Gram stain followed by picric acid decolori- 
zation of the host tissue, leaving the organ- 
isms visible by contrast. In the hands of a 
technician familiar with its use, this stain 
can yield most gratifying results for many 
fungi. If, however, the organism does not 
possess a decided Gram-affinity, it is de- 
colorized with (or even before) the tissue 
and is rendered virtually invisible. 

The trio of Schiff reagent stains ( Hotch- 
kiss-Mc Manus, 


utilize the same basic principle of oxidizing 


Sauer, and Gridley) all 
adjacent hydroxyl groups (in the fungus 
mucopolysaccharide fraction) to aldehydes 
then 
Schiff’s reagent. Hence, they are all three, 


and staining these aldehydes with 
to a variable degree, subject to the same 
inherent defect in that analogous host tis- 
sue components are similarly hydrolyzed, 
oxidized, and stained. The most important 
Schiff reagent-positive substances are gly- 
cogen, starch, cellulose, glycolipids, and 
mucopolysaccharides such as mucin, muco- 
proteins, and glycoproteins. Consequently, 
we find that mucin-secreting cells of the 


respiratory and intestinal tracts, basement 


membranes of glomerular and alveolar capil- 


laries, fibrin threads, the reticulum stroma 
of lymph nodes and spleen, periacinar con- 
nective tissues of many organs, “colloid” 
material, elastica, collagen (weakly), carti- 
lage, and keratin are all reactive to these 
staining techniques. In fact, we have often 
used the Hotchkiss-McManus stain specifi- 
cally to demonstrate mucin, reticulum, and 
elastica. The three methods differ in their 
choice of oxidizing agent, time factors, and 
counterstain. The chromic acid oxidant in 
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the Gridley stain produces significantly less 
tissue interference and artifact than the peri- 
odic acid reagent employed in the other two 
methods. This feature can be enhanced con- 
siderably by following Gomori’s * original 
suggestion of using an alcoholic Schiff re- 
agent rather than the aldehyde-fuchsin solu- 
tion recommended by Gridley.’ The Gridley 
method also possesses a fundamental color 
contrast advantage over the other two, by 
utilizing metanil yellow as the counterstain. 
The fungi, in various shades of lavender, 
red, and purple, thereby project in bold 
relief from the pale yellow tint rather than 
being obscured by the blue or blue-green 
background color of the tissue, as in the 
Bauer and Hotchkiss-McManus stains. 
COMMENT 


Suitability as a “screening” technique re- 
quires that the stain not only demonstrate 
a majority of fungi (including all stages 
of each organism) but exhibit distinct color 
contrast from the tissue background. The 
accompanying Table evaluates the relative 
clarity and differentiation of each fungus 
from the surrounding tissue, indicating the 
efficiency of each stain as a “screening” 
method. Hematoxylin and eosin does not 
offer sufficient color contrast between tissue 
and most of these fungi. Only Actinomyces 
bovis can be seen sharply and easily. With 
diligent search, however, all the other organ- 
isms can be discerned except for acid-fast 
Nocardia asteroides. The Giemsa stain effec- 
demonstrates bovis, 


tively \ctinomyces 


Candida albicans, Coccidioides immitis, 
Cryptococcus hominis, and Histoplasma cap- 
sulatum, whereas the remaining fungi are 
less clearly demarcated. The acid-fast stain 
is specifically required to demonstrate the 
acid-fast variety of Nocardia asteroides. 
Some of the forms (or phases) of Actino- 
myces bovis, Blastomyces dermatitidis, Coc- 
cidioides immitis, and Histoplasma capsula- 
tum are acid-fast and appear conspicuous. 
However, with Coccidioides immitis, the 
stain fades quite rapidly. In addition, the acid- 
fast stain demonstrates Actinomyces bovis, 


Candida albicans, Coccidioides immitis, 
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Cryptococcus hominis, and Histoplasma cap- 
sulatum fairly well by virtue of the methylene 
blue counterstain. Only the two forms of 
did not 


with methylene blue. The Brown-Brenn stain 


Nocardia asteroides studied stain 


dramatically reveals all of the fungi except 


Aspergillus fumigatus, Blastomyces derma- 
titidis, Coccidioides immitis, and acid-fast 
Nocardia asteroides, which do not possess 
sufficient Gram-affinity. The Hotchkiss-Mc- 
Manus, Bauer, and Gridley methods show 
only minor variation in clarity. Although 
the Gridley stain possesses as distinct advan- 
tage of counterstain contrast, this technique 
is slightly less effective in demonstrating 
Candida 


than the other two Schiff stains. 


Actinomyces bovis and albicans 


that exists in blastomycosis, coccidioidomy- 

cosis, histoplasmosis, and tuberculosis. ) 
The 

Gram-positive with Actinomyces bovis, Can- 


Brown-Brenn stain is decisively 
dida albicans, Cryptococcus hominis, Histo- 
plasma capsulatum, and the non-acid-fast 
form of Nocardia asteroides. However, oc- 
casional threads of Actinomyces bovis, some 
hyphae and spores of Candida albicans, and 
approximately 10% of the forms of Crypto- 
coccus hominis and Histoplasma capsulatum 
are Gram-negative. Objective evaluation and 
appraisal reveals that the Brown-Brenn stain 
yields the greatest clarity and contrast of any 
of the stains used and is most satisfactory 
for five of the nine organisms studied ( Acti- 
nomyces bovis, Candida albicans, Crypto- 


Evaluation* of the Relative Clarity and Differentiation of Each Fungus from the 
Surrounding Tissue 








Giemsa 
Actinomyces bovis. 
Aspergillus fumigatus 
Blastomyces dermatitidis 


Coccidioides immitis.............ccccceee 
Cryptococcus hominis................... 
Histoplasma capsulatum 

Nocardia asteroides (acid-fast) 
Nocardia asteroides (non-acid-fast).... 


* Criteria of evaluation: 


observed on careful search; P (poor), 
strated by this method of staining. 


S (superior) indicates organisms in sharp contrast 
readily apparent on cursory examination; G (Good), organisms identified without great difficulty; F 
organisms barely visible even 


A-F -MeM Bauer Gridley 
(G %) c E G 
(P %) 4 E ; 

. (Ft) . . 

(G >) 

*(G}) 

(Gt) 


Best 
B-B + 
Gridley t 
Gridley t 
B-B t 
Gridley t 
B-B t 
* (GY) B-B t 
$ (0%) A-F 
(O }) 8 , i , B-B 


to tissue; E (excellent), organisms 
(fair), organisms 


with detailed study; O, no organisms demon- 


t indicates contrast advantage over equally superior or excellent stain. 


t Indicates methylene blue counterstain avidity. 


The relative ability of each histologic 
method to elicit fine and often diagnostic 
details of morphology parallels its efficiency 
in “screening.” The polychromatic qualities 
of the Giemsa stain are often extremely help- 
ful. Special histochemical reactions that aid 
in differentiation 


and classification are as 


follows: Only hematoxylin and eosin and 
acid-fast stains clearly demonstrate the radial 
“clubbing” of Actinomyces bovis. The acid- 
fastness is encountered with some threads 
of Actinomyces bovis, and approximately 
5% of Blastomyces dermatitidis, 5% of 
Coccidioides immitis, and 10% of Histo- 
plasma capsulatum forms. (If this were 
satisfactorily explained, one might possibly 
gain insight into the skin test cross reaction 


coccus hominis, Histoplasma capsulatum, and 
non-acid-fast Nocardia asteroides). It also 
renders simultaneous information concern- 
ing the Gram-staining characteristics of the 
fungus. Of the four organisms which have 
low Gram-affinity, Aspergillus fumigatus, 
Blastomyces dermatitidis, and Coccidioides 
immitis are most clearlv demonstrated by the 
Gridley stain, while the acid-fast method is 
both essential and specific for the acid-fast 
Nocardia asteroides. 

The following summarizes the stain we 
prefer for each organism and a few identi- 
fying characteristics : 

Actinomyces bovis (Brown-Brenn): A 
dense mat of fine Gram-positive, tightly 
interwoven mycelial threads comprises the 
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characteristic “sulfur granule.” Though the 
predominant reaction is Gram-positive, some 
Gram-negative threads may be found periph- 
erally. (The “radial clubbing” is seen best 
with the hematoxylin and eosin stain. ) 

The 


coarse septate hyphae, giving the impression 


Aspergillus fumigatus (Gridley) : 


of bamboo poles, stain deep red. Bulbous 
swellings at intervals represent intercalated 
spores. (Aspergillus “sporeheads,” if pres- 
ent, are pathognomonic. ) 

Blastomyces dermatitidis (Gridley): Red- 
staining yeast forms predominate. They oc- 
casionally show budding and are commonly 
found within giant cells. (Approximately 
5% of forms are acid-fast. ) 

The 


fine septate mycelia are predominantly Gram- 


Candida albicans ( Brown-Brenn) : 
positive except for occasional intercalated 
that do not stain. 
10% of the 
Oval-shaped spores (completely detached) 


The 


spores Approximately 


threads are Gram-negative. 


or “yeast forms” may be present. 
majority of these are Gram-positive. 


The 


characteristic spherules show endosporula- 


Coccidioides immitis (Gridley) : 
tion and stain lavender, red, or purple. These 
frequently show a prominent capsule. Occa- 
sionally ruptured sporocysts are observed, 
extruding endospores into the surrounding 
tissue. Even the isolated endospores are 


clearly stained by this method. (A small 


percentage of forms are acid-fast. ) 


Cryptococcus hominis (Torula) ( Brown- 
Brenn): The vast majority of the yeast 
forms are small Gram-positive spherules. 
These occasionally show budding. 

Histoplasma capsulatum ( Brown-Brenn) : 
These minute intracellular spherules show a 
dense capsule. Approximately 
OO% 


10% are acid-fast. ) 


peripheral 
are Gram-positive. (Approximately 
Nocardia asteroides (acid-fast variety) : 
These thread-like organisms are specifically 
demonstrated by the acid-fast stain. (Faint 
Gram-positive beads may be seen along the 
threads. ) 
(non-acid-fast ) 


Nocardia asteroides 


(Brown-Brenn): These very fine Gram- 
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positive branching threads are arranged in 
a delicate lacy network. 


SUMMARY 

Several histochemical techniques are evalu- 
ated as “screening” stains for the presence 
of fungi, with respect to scope, sensitivity, 
and specificity, for their relative efficiency in 
delineating morphology of the organism as 
a primary basis for identification and for 
specific histochemical reactions which might 
aid in classification. 

No one stain can be relied upon to demon- 
strate clearly all of these frequently en- 
the 
Brenn and Gridley stains, used as a paired 


countered fungi. However, Brown- 


“screening battery,” unequivocally denote 
the presence of all of the fungi studied ex- 
cept acid-fast Nocardia asteroides, for which 
the acid-fast stain is mandatory. The hema- 
toxylin and eosin stain, though not primarily 
a fungus stain, either demonstrates or is suf- 
ficiently suggestive of the presence of each 
organism (except the acid-fast Nocardia 
asteroides ) to make further special studies a 
the Schiff 


methods, the Hotchkiss-McManus staining 


requisite. Of trio of reagent 
of host tissues produces the largest number 
of artifacts and is, hence, least speciiic in its 
The 


procedures aid materially in identifying the 


reactions. 3rown-Brenn and acid-fast 
type or class of organism by revealing fine 
morphologic detail and biochemical prop- 
erties, 

Figures 1 and 2 demonstrate the clarity 
with which each fungus can be visualized 
by the most suitable staining technique. 
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Nghe on , om me Koegeneration 
of the Adrenal Cortex of the Rat 


Effects of Sodium Restriction, Potassium Intoxication, Corticotropin, 


and Orchiectomy When Studied with Colchicine 


GEORGE J. RACE, M.D. 
and 
ROBERT F. GREEN, M.D., Boston 


Considerable evidence has accumulated to 
indicate that each of the zones of the adrenal 
cortex is concerned with the secretion of 
different types of adrenocortical hormones. 
It has been suggested that the adrenal zona 
glomerulosa is primarily responsible for se- 
cretion of the electrolyte regulating desoxy- 
corticosterone type hormone; the zona fas- 
ciculata, primarily responsible for secretion 
of metabolism controlling hormones, and the 
zona reticularis, primarily the source of an- 
drogen or estrogen production.* 

Previous studies of the morphologic state 
of the zona glomerulosa by Sarason * demon- 


strated marked zonal atrophy following 


desoxycorticosterone administration in in- 


tact or hypophysectomized rats. However, 


hypophysectomy only, without hormone ad- 


ministration, resulted in no change or slight 
hyperplasia of the zona glomerulosa, al- 
though the zona fasciculata and reticularis 
became atrophic. This finding suggested that 
the zona glomerulosa was not primarily un- 
der the control of the pituitary gland. Deane, 
Shaw, and Greep * later showed that dietary 
deficiency of sodium or potassium intoxica- 
tion resulted in an increase in size of the zona 
glomerulosa. Similarly, they found atrophy 


a 
From the Departments of Pathology of the Peter 
Bent Brigham Hospital and the Harvard Medical 
School. 
* References 1 and 2. 
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of the zona glomerulosa following desoxycor- 


ticosterone (Doca) administration. Deane 
and Masson * demonstrated, in hypertensive 
rats, enlargement of the zona glomerulosa 
and, again, showed that desoxycorticosterone 
administration produced zona glomerulosal 
atrophy. Further, the administration of an- 
terior pituitary extract caused no change in 
and 
Race * have shown, in hypertensive rats and 


the glomerulosa. Recently, Peschel 
hypertensive humans, that sodium deficiency 
resulted in an increase in size of the zona 
glomerulosa. However, if sodium were added 
to the diet of the hypertensive animals, the 
size of the zona glomerulosa was reduced al- 
most to the normal. This suggested that the 
insufficient intake of sodium, which created 
a need for the desoxycorticosterone type hor- 
mone, was the primary cause of the enlarge- 
ment of the zona glomerulosa, although 
slight enlargement would occur in hyper- 


tensive rats which had adequate salt intake. 


The effect of adrenocorticotropic hormone 
on the morphology of the adrenal cortex has 
been shown by Bergner and Deane.’ Using 
male rats injected with corticotropin, they 
noted that the adrenal gland showed an in- 
crease in size of the zona fasciculata with a 
decrease in the stored ketosteroids, during 
an 18-hour period. If corticotropin was con- 
tinued for a period of days, the zona fascicu- 
lata continued to enlarge. There was no 
effect on the zona glomerulosa following cor- 
ticotropin administration. Bergstrand? and 
O’Donnell, Fajans, and Weinbaum* dem- 
onstrated hypertrophy of both zona fascicu- 


lata and zona reticularis following corticotro- 





ZONATION AND REGENERATION OF 
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Fig. 1—Adrenal from normal rat showing 


normal zonation of the cortex. Hematoxylin and 
eosin; mag. X 87. 


ae a 2 ee 


pin administration. The latter authors fur- 
ther demonstrated an atrophy of zona fas- 
ciculata and zona reticularis following corti- 
with little 
change in the zona glomerulosa. These find- 


sone administration associated 
ings suggested that the zona fasciculata was 
controlled by the adenohypophysis. 

The function of the zona reticularis in re- 
lation to androgen and estrogen production 
has been supported by numerous investiga- 
tors. Blackman ® found hyperplasia of the 
reticular zone of the adrenal cortex in hu- 
mans in nine cases of adrenogenital syn- 
dromes which involved the excessive pro- 
duction of sex hormones. In one instance 
with pseudohermaphroditism, the reticular 
zone had the appearance of the fetal reticular 
Zone X. Lobban,”® using the cat, demon- 
strated a prominent zona reticularis in both 
sexes in the immature animal, but during 
sexual maturity the zona reticularis degen- 


erated. However, it uniformly reappeared 


following castration or during senility. Fur- 


thermore, the administration of testosterone 
resulted in a reduction of the reticular zone. 


ADRENAL 


CORTEX 


This suggested that the zona reticularis was 
the source Canadell 
Rodriguez-Soriano “ showed, in mice cas- 


of androgens. and 
trated before puberty, that a dense zone near 
the medulla, known as Zone X, developed 
within the cortex. This zone was shown to 
atrophy following testosterone administra- 
tion. Jones** showed that the X zone in 
castrated and hypophysectomized mice was 
somewhat atrophic and less prominent than 
in castrated mice only. He also demonstrated 
that the X zone of mice underwent atrophy 
De- 
lost,’* using castrated European field ro- 


following testosterone administration. 


dents, also demonstrated a difference in the 
reaction of the zona glomerulosa from the 
internal zona fasciculata and the reticularis. 
He showed that the wide Zone X disap- 
peared at the time of sexual maturity and 
reappeared in the castrated animal. He con- 
cluded that this zone was similar to the X 
zone of mice and suggested that the changes 
were due to the need for androgens, which 


could be supplied by the inner zones of the 


Fig. 2—Adrenal from rat on sodium-deficient 
diet, showing slight increase in thickness of the 
zona glomerulosa (between capsule and upper 
arrow). Hematoxylin and eosin; mag. x 87 





Fig. 3—Adrenal from rat given corticotropin. 
Note a relative increase in the width of the zona 
fasciculata (between two upper arrows). Hema- 
toxylin and eosin; mag. x 87 


adrenal cortex. Other reports ¢ have given 


conflicting results following castration of 
mice and administration of estrogens. Small 
cortical adenomas have followed castration 
within 4 to 12 months. These adenomas have 
been described as coming from the adrenal 
capsule.t Finally, Huseby and Bittner,** in 
a valuable experiment in mice, transplanted 
adrenal glands of inbred strains to gonadec- 
tomized and adrenalectomized mice. In some 
strains hyperplasia of the adrenal glands oc- 
curred to the point of becoming carcinoma- 
tous, and detectable amounts of estrogens 
were produced by the transplant. 

Opposing points of view at variance with 
zonation theory suggest that the cells of the 
adrenal cortex originate within the capsule 
or zona glomerulosa and are transported 
through the cortex to become senile or de- 
generate within the zona reticularis.§ Baker 


and Baillif '* showed that if the adrenal cor- 
+ References 14 and 15 
t References 14, 15, and 17 
§ References 18 and 24. 
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tex of rats were enucleated from the adrenal 
capsule the zona glomerulosa would appar- 
ently regenerate from the capsule and from 
the zona glomerulosa the inner zones would 
ultimately be replaced. Using colchicine, they 
demonstrated frequent mitotic activity in 
the inner one-half of the adrenal capsule 


’ 


Also in young rats *® a marked similarity 
between the inner capsule cells and zona 
glomerulosa cells has suggested that the 
origin of the parenchymal cells is from the 
fibrous capsule. Furthermore, the fibrous 
capsule undergoes a hyaline-like degenera- 
Weber and Men- 


ten *° cast further doubt as to the origin of 


tion in the aged animal. 


the androgens by demonstrating a virilizing 
tumor from a 3'%-year-old boy, the cells of 


which seemed to undergo a transformation 


into cells similar to those cell types found 


in all zones of the adrenal cortex. Further- 


more, Houssay and co-workers *' showed 
that castration in rats produced nodular hy- 
perplasia of glomerulosa. Greep and Deane * 
confirmed the work of Baker by demonstrat- 


ing regeneration of the rat adrenal following 


Fig. 4—Adrenal from orchiectomized rat show- 
ing a wide zona reticularis (between two lower 
arrows). Hematoxylin and eosin; mag. x 87. 





{TION AND REGENERATION * ADRENAL CORTEX 


groups of 10 animals each. All were fed a standard 
diet of “laboratory chow,” { or a special diet 
(Group 2), for at least four weeks prior to killing. 
All were fasted 24 hours before killing and were 
killed during the 10th week (except Group 5). 

Group 1 consisted of control animals. 

Group 2 was fed a salt-free diet * ad libitum 
which consisted of 

Gm 
Sucrose . : omecevences oe 670 
CREE *sccescs eveeusiubaesdvstiateskegnae 240 
Peach germ oil.. . Sabie heespendeannes nO 
TEEPE Rivcccnccccocccctadoscccccesence 8.0 
Multivitamins ....... cseeseee Added 

Group 3 received the normal diet until 18 hours 
prior to killing, when a single intraperitoneal injec- 
tion of potassium chloride, 5% solution, was given 
in a dose equivalent to 55 mg/100 gm. of body 
weight. 

Group 4 received the normal diet until 48 hours 
prior to killing, when corticotropin# was given 
ae 

{ Laboratory chow, Ralston Purina Company, 


containing crude protein 23% ; crude fat 5%; crude 


fiber 6%, and nitrogen-free extract 44%. 
Fig. 5—Zona_ glomerulosa howing multiple — ; ial 
—— atl anes om B P # Corticotropin (ACTH), Parke, Davis, and 
mitoses (indicated by arrows) in control rat. ; 
Hematoxylin and eosin; mag. x 314. Company. 


enucleation. The glomerulosa regenerated Fig. 6.—Zona fasciculata in control animal show- 
ing mitotic figures in a central area which is far 
removed from the zona glomerulosa. Hematoxylin 
reticularis were observed one month later. and eosin: mag. x 560 ’ 


first, and the zona fasciculata and zona 


The regenerated adrenal glands secreted both 
salt and sugar controlling corticoids. 

In order to attempt to demonstrate cel- 
lular multiplication or reproduction in the 
adrenals, an experiment was devised whereby 
a need was created and production stimu- 
lated for electrolyte regulating hormones, for 
metabolism controlling corticoids, and for 
androgens in rats. It was postulated that, 
if mitotic activity occurred in the different 
zones under different stimulation, this would 
be evidence in favor of the zonal regenera- 
tion and the zonal hypothesis of production 


of adrenal hormones. The mitotic activity 


was to be accentuated by the use of colchi- 
cine, which prolongs mitoses. || 


MATERIAL AND METHODS 


The experimental animals consisted of 50 white 
male rats of the same age (6 weeks), weight range, 


and strain (Hisaw). These were divided into five 
A 


|| References 27, 29, and 32. 





Fig. 7.—Zona reticularis in control animal show- 
ing mitoses in an area adjacent to medulla. Hema- 
toxylin and eosin; mag. x 450. 


in three injections according to the 


following 
5 


schedule *: 5 mg. at 48 hours prior to killing; 
mg. at 36 hours prior to killing ; 
prior to killing. 


10 mg. at 24 hours 


Group 5 animals were orchiectomized at the age 
diet of 

“laboratory chow” ¢ for a period of 7 weeks there- 
after, prior to killing in the 13th week. This group 
was allowed to live longer in hope of producing 


of six weeks and received the normal 


more definitive changes due to orchiectomy and be- 
cause they failed to gain weight as rapidly as other 
groups. 

In order to demonstrate as many mitotic figures 
as possible, within each of the zones of the adrenal 
0.15 
given to each 
animal 24 hours before killing.t A pilot experiment 
on normal rats was conducted to determine the best 


gland, a dosage of colchicine equivalent to 


mg/100 gm. of body weight was 


time for colchicine administration for demonstration 
of mitotic figures. This suggested that 24 hours 
would yield than 
16, or 18 hours, which had been recom- 
mended by previous investigators. The rats of each 
group were killed by a blow to the head and were 


more mitoses per given area 


either 9, 


immediately brought to autopsy. The adrenal glands 
were removed and were cleaned of fat surrounding 


_—__ 
* References 7 and 30. 
+ See footnote J above. 
t References 27, 29, and 32. 
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the capsule. They were weighed on a standard 
analytical balance. Immediately after weighing, all 
were fixed in Bouin’s solution for 12 hours. Routine 
paraffin sections were cut at 6# and stained with 
hematoxylin and eosin. These sections included an 
entire cross section of all the adrenals through the 
widest area taken to include the medulla. 

The adrenals of all animals were studied § under 
identical conditions and were subjected to the fol- 
standard 
eyepiece micrometer (American Optical Co. Model 
#1406) calibrated against a _ stage 
micrometer divided into units of 0.01 mm. (Ameri- 


lowing measurements. By means of a 


which was 
can Optical Co.), the widths of the zona glomeru- 
fasciculata, and 
measured. In each zone six random separate obser- 


losa, zona zona reticularis were 


vations were made and the arithmetical mean was 
computed. In instances, 
were made and no significant 


some more observations 
difference was ob- 
tained in the result. For each group of animals all 
observations were included in determining the 
average for the group. Thus, any mean appearing in 
Table 1 or 2 is based upon 60 or more separate 
observations. For each group the standard deviation 
and the range were calculated. 

Second, an index of mitotic figures per standard 
high power field (3 mm. objective and 10 x eye- 


piece; field diameter, 0.355 mm.) was obtained in 
ee 


§ References 25 through 27. 


Fig. 8.—Mitosis in zona reticularis in orchiec- 
tomized animal only one cell removed from the 
medulla. Hematoxylin and eosin; mag. x 944. 
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ADRENAL CORTEX 








TaBLe 1.—Width of Zones of Adrenal Glands— Averages with Standard Deviations and Ranges 


Combined 
Adrenal 
Weights, 

Milligrams 


No. of 


Group No. Animals 


Controls 10 
Sodium deficiency 
Potassium intoxication 


Corticotropin treated 


Orchiectomized 52 


TABLE 2.—Mitoses in Zones of Adrenal Glands 
after Colchicine—Average Number of Mitoses 


per High Power Field 





Mitoses per H. P. F. 
(Diameter 0.355 Mm.) 
——~ 
Zona Zona Zona 
Glomerulosa Fasciculata Reticularis 
0.15 
0.29 


Group No 
1 Controls 
2 Sodium deficiency 
3 


0.26 0.29 
0.52 


0.51 


0.55 
Potassium in- 0.36 
toxication 


0.30 


4 Corticotropin 0.35 


treated 


0.41 


5 Orechiectomized 047 0.24 


of the 50 animals within each of the three 
zones of the adrenal cortex. These were determined 
by the of within 
separate high powered fields in each zone, and re- 
cording the average for the group. The findings of 
the width of each of the three zones of the adrenal 


cortex 


each 


counting number mitoses six 


and the number of mitoses observed were 


recorded in Tables 1 and 2 with adrenal weights 
of the group. 
RESULTS 

Analysis of Table 1, showing the width of 
the zones of the adrenal glands, with their 
averages, and standard deviations, shows the 
following: The combined weights of the 
adrenal glands for the various groups show 
no significant difference (for Groups 1 and 
4, P between 0.3 and 0.2). 
adrenal glands of the corticotropin-treated 


However, the 


group tend to be increased. 

The width of the zona glomerulosa is sig- 
nificantly increased in Group 2, the group 
with sodium-deficient dietary intake (P less 
than 0.005 by “?” curve method). Similarly 
Group 3, the potassium intoxication group, 
shows an increase in size of the zona glo- 
merulosa which is significant (P about 0.01). 
The zona glomerulosa in Group 4, the corti- 


582+ 9.8 
(35-63) 
53.7 + 23.8 
(34-108) 
54.6 + 11.1 
(38-69) 
60.2 + 15 

(45-76) 
+ 14.1 
(33-71) 


Width of Zones in Microns 
— pa ame = rat Oe ‘ 
Zona 
Reticularis 
233.4 > 31.7 
(175-300) 
216.8 + 35.3 
(186-268) 
259.3 > 58.8 
(172-380) 
$14.7 + 43.2 
(247-374) 
307.4 > 57.9 


(240-451) 


Zona 
Fasciculata 


Zona 
Glomerulosa 
456.7 = 69.8 
(356-558 ) 
429.9 + 79.9 
(350-600) 
424.6 + 83 
(317-561) 
434.4 > 81.1 
(280-560) 
410.4 > 40 
(343-443) 


46.32 5 
(39-55) 
67.2 = 11.5 
(58-79) 
58.4 + 11.4 
(34-71) 
54.2 = 12.1 
(42-86) 
449> 5.6 
(36-55) 


cotropin-treated group, shows an increase 
in size, though while not statistically, signifi- 
(P between 0.1 
0.05). The increase in zona glomerulosa is 


cant it is borderline and 
associated with variable changes in the re- 
maining two zones (Table 1). 

The width of the zona fasciculata shows 
no significant change in any of the five 
groups. 

The width of the zona reticularis is in- 
in Group 4, the corticotropin-treated 
and Group 5, the 
This increase in size is significant 


creased 
group, orchiectomized 
group. 
than 0.01 in each case). 

2, showing the average 


(P less 

Analysis of Table 
number of mitoses in the zones of the adrenal 
glands, reveals the following: 

In the zona glomerulosa in all groups, 
there is an increase in the number of mitoses 
found over those found in the controls. In 
the 
the 
the 
ularis, there is an increase in the number of 


zona fasciculata, there is an increase in 
number of mitoses of all: groups except 
orchiectomized group. In the zona retic- 


mitoses in all groups over the number found 
in the controls. 
COM MENT 


The design of this experiment was such 
as to accomplish two objectives. First, to 


confirm the work of Deane, Shaw, and 


Greep,* and others concerning the morpho- 


logic changes in the width in each of the 
zones of the adrenal gland following the pro- 
cedures used; second, to show whether or 
not cellular multiplication or regeneration 
occurs within all zones of the adrenal gland, 


or only from the capsule. 
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The findings of Deane, Shaw, and Greep 
are confirmed concerning the width of the 
zona glomerulosa, which is increased in the 
rat following sodium deficiency or potassium 
intoxication even in these short-term experi- 
ments. The failure of the zona fasciculata in 
these experiments to show an increase in size 
following corticotropin administration over 
a short period neither confirms nor contra- 
dicts the findings of Bergner and Deane," 
who demonstrated that corticotropin must be 
continued for a period of days before the 
zona fasciculata will become markedly en- 
larged. .The increase in the size of the zona 
reticularis in the corticotropin-treated group 
and in the orchiectomized group tends to 
support the findings of O'Donnell, Fajans, 
and Weinbaum,* Lobban,'® and Canadell and 
The 
mized group of animals to develop cortical 


co-workers. failure of the orchiecto- 
adenomas or marked hyperplasia following 
castration is probably due to the short time 
between castration and killing for these ani- 
mals,|| since previous investigators have 
found these lesions developing between 4 
and 12 months following castration. 

It is commonly believed ** that new cells 
are produced by mitoses in the adrenal cap- 
sule or the transitional zone between the 
glomerulosa and the fasciculata, and _ that 
these cells gradually move into the zona 
reticularis where they degenerate. The find- 
ings in Table 2 suggest that cellular multi- 
plication may occur in the zona glomerulosa, 
the zona fasciculata, or the zona reticularis, 
since mitotic figures are found in all three 
zones under different forms of stimulation. 

Analysis of Table 2 shows that the num- 
ber of mitotic figures increases in the zona 
glomerulosa under all forms of stimulation, 
though to a slightly more marked degree 
following sodium restriction or potassium 
intoxication. The mitoses of the zona fascic- 
ulata similarly increase in number under 


any type of “stress” to which the animal is 
subjected, with the exception of the orchiec- 
tomized group in this experiment. Similarly, 


the cells of the zona reticularis undergo 


|| References 4, 15, and 17. 
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mitoses at increased rates as compared to 


the controls under any type of 


“ 


stress” used 


in this experiment. This is considered as 
evidence that the adrenal gland does not 
necessarily regenerate only from the adrenal 
capsule but may regenerate within each zone. 
Nevertheless, the greatest numbers of mi- 
toses in all groups occur in the outer zones, 
there being invariably more mitoses in the 
zona glomerulosa than in the zona reticularis. 

Baker Baillif ** that 
many mitoses occurred in the inner areas of 


and demonstrated 
the adrenal capsule following enucleation of 
the adrenal gland and that the entire cortex 
could regenerate from capsular cells. This 
has been confirmed by Greep and Deane,** 
that all the 
adrenal cortex might regenerate from the 


who showed three zones of 
capsule following enucleation. Furthermore, 
our findings indicate more mitotic activity 
in the outer adrenal zones than in the reticu- 
laris. These multiple conflicting findings ap- 
pear to indicate that both events may occur ; 
that is, regeneration from the capsule of the 
adrenal gland following enucleation with fur- 
ther differentiation into all zones of the cor- 
tex and regeneration of the individual zones 
of the cortex by local mitotic activity follow- 
ing specific types of stimulation. However, 
once the adrenal gland has differentiated into 
three separate zones, the findings in this 
paper and of previous investigators, i. e., 


zonal response to stimulation and the finding 


of mitoses in all zones, tend to support the 


theory that the zona glomerulosa, fasciculata, 
and reticularis are concerned with the secre- 
tion of different types of cortical hormones. 


SUMMARY AND CONCLUSIONS 


To elucidate the problem of zonation and 
regeneration in the adrenal cortex, rats were 
subjected to adrenal stimulation by sodium 
deprivation, potassium intoxication, cortico- 
tropin administration, and orchiectomy in 
short-term experiments. Colchicine was ad- 
ministered in each group prior to killing in 
order to arrest mitoses in the adrenals. 

Adrenal weights, measurements of the 
widths of each of the zones, and the number 
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of mitoses in each zone were made and tab- 
ulated for each group. 

The width of the zona glomerulosa was 
significantly increased by sodium restriction 
or potassium intoxication, confirming the 
work of Deane, Shaw, and Greep, and others 
in rats. 

The width of the zona fasciculata was not 
significantly changed by any method used to 
stimulate the adrenal cortex in these short- 
term experiments. 

The 


significantly 


width of the zona reticularis was 


increased in_ corticotropin- 
treated rats and in orchiectomized male rats. 
The 


glomerulosa was increased in all groups of 


number of mitoses in the zona 
experimental animals, though most increased 
in the sodium deficiency and potassium in- 
toxication group. 

The number of mitoses in the zona fascicu- 
lata was increased following any type of 
stimulation to the adrenal gland used in the 
experimental groups of animals, with the 
exception of the orchiectomized group. 

The number of mitoses in the zona reticu- 
laris was equally increased in all groups 
regardless of the type of stimulation to which 
the adrenal was subjected. 

The 


groups occurred in the outer adrenal zones, 


greatest numbers of mitoses in all 
there being invariably more mitoses in the 
This 


the most active cellular mul- 


glomerulosa than in the reticularis. 
suggests that 
tiplication and regeneration normally occurs 
in the zona glomerulosa. 

The presence of the mitoses in all zones 
of the adrenal glands suggests that cellular 
multiplication in the adrenal cortex may 
occur in any zone of the cortex and does not 
necessarily occur only from the adrenal cap- 
sule or zona glomerulosa. 
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Appendicitis wt th Citi 


Report of a Case 
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The appearance of cestodes in appendices 
is much less common than is the finding of 
nematedes or trematodes. A review of all 
references which could be obtained revealed 
a_ total 


throughout the world. Of that number, seven 


of 82 cases previously reported 
were found in the United States, so that the 
present case will be the eighth. 

A second case showing a few Taenia ova 
in the appendix was found at this Laboratory, 
but no evidence existed that a proglottid had 
This 


paper will deal only with those cases in which 


been in the appendix at any time. 


portions of tapeworms, with two exceptions, 
have been found in appendices, as the pres- 
ence of ova alone occurs rather frequently 
without any particular lesion being traced 
to their presence. The two exceptions are: 
The case described by Letulle and Lagane,’* 
in which the appendix was perforated and 
ova were present in the lumen as well as on 
the serosa; and the third case of Upton,*’ 
in which the ova were so abundant in the 
lumen and the mucosa was scarred, as though 
a proglottid had been in the appendix ‘but 
had migrated out again prior to the opera- 
tion. 
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CASE REPORT 

A 9-year-old white boy was admitted to the 
hospital with a history of abdominal pain, of five 
days’ duration, in the lower right quadrant. There 
was some anorexia, and nausea and vomiting oc- 
curred on two occasions prior to admission. Physical 
examination revealed a patient who did not appear 
acutely ill and whose temperature was 99.4 F. On 
deep palpation there was tenderness in the lower 
right quadrant. When admitted, the patient had a 
WBC of 12,000, which rose to 18,000 during an 
18-hour period of observation. 

An appendectomy was performed three hours 
later, and the patient made an uneventful recovery. 


PATHOLOGY OF THE APPENDIX 


The appendix measured 6 cm. in length, 
1.3 cm. in diameter in the distal two-thirds, 


and 2.7 cm. in diameter in the proximal 


third. The entire specimen was moderately 
firm in consistency. A thick fibrinopurulent 
exudate and extended 
around the attached strip of mesoappendix. 


In the enlarged proximal third this exudate 


Cc »vered the serosa 


formed a part of a periappendiceal mass, 
which, on sectioning, proved to be an abscess. 
The lumen was filled with grayish-brown 
granular and necrotic tissue. 

The microscopic examination revealed an 
inflammatory process which had destroyed 
and replaced a large area of the mucosa and 
submucosa (Fig. 1). Several sections showed 
acute inflammatory cells infiltrating and ex- 
tending through the muscular layer into the 
serosa and mesoappendix (Fig. 2). Focal 
areas of edema, hemorrhage, and necrosis 
were prominent in the serosa (Fig. 1). The 
lumen of the proximal portion was partially 
occluded by a proglottid of Taenia and num- 
bers of ova were present in the granular ma- 
terial around the proglottid (Figs. 2 and 3). 
The proglottid apparently died prior to the 
operation and was in the process of disin- 
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Fig. 1—Section of appendix containing pro- Fig. 2—Showing changes in wall of appendix; 
glottid; mag. x 12 mag. X 25. 


Fig. 3—Showing portion of disintegrated pro- Fig. 4—An enlarged view of Taenia ova; mag. 


glottid; mag. x 95. x 375. 
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tegrating, as the internal structure was some- 
what disorganized and in places the cuticle 
was lacking. The ova (Fig. 4) were typical 
of Taenia, but the species could not be de- 
from measurements of the 


termined ova 


alone. Eosinophiles were prominent in the 
region adjacent to the proglottid, with neu- 
trophiles, monocytes, lymphocytes, and 
plasma cells forming the remainder of the 
Acute 


Taenia pro- 


inflammatory process. Diagnosis: 
suppurative appendicitis, with 
glottid in lumen. 

After the presence of a _ proglottid of 
Taenia was noted in the appendix, we en- 
deavored to have the patient, who lived at 
or near an Army installation in a neighbor- 
ing state, treated for tapeworm and some 
proglottids sent in for species identification. 
No cooperation was obtained from the 
guardian of the boy, and so the species re- 


mains unidentified. 


COMMENT 


A. INCIDENCE AND DISTRIBUTION OF CESTODE 


INFECTIONS OF THE APPENDIX 

Various textbooks, such as that of Faust,'® 
mention that proglottids of Taenia saginata 
may enter the appendix and produce appen- 
diceal colic. Most books, however, fail to 
mention that other species of cestodes may 
lodge in the appendix also. The geographical 
distribution of the various species of cestodes 
found in appendices is given in the accom- 
panying Table. 

Of the 83 cases, including the present one, 
42 were of Taenia saginata, 10 of T. solium, 
25 of Taenia sp., 1 of Hymenolepis nana, 
and 5 of Echinococcus granulosus. Accord- 
ing to Stoll,*® approximately 6% of the cases 
of Taenia in the world are due to T. solium 
and the remainder to T. saginata. However, 
19.3% of the identified species in appendices, 
or 13.0% 
the appendix, were due to T. 
than to T. 


of the total Taenia infections of 
solium rather 
saginata. From this it appears 
that T. solium is at least as active an invader 


of the appendix as T. saginata. 


In the majority of Taenia infections the 


appendix was invaded by one or two pro- 
glottids, but as many as four have been 


Reported Cases of Tapeworms in the Appendix 


Species No. References 
North America 
Clark 7; Upton 37; Hood 3 
Upton *? 


T. saginata 3 
T. solium l 
Upton (2) 87; present case 
Slocumb 2° 


Taenia sp 3 
E. granulosus 1 


Middle and South America 


Chutro *; Stincer*5; Bacigalupo 
(4) ?; Pardina 2°; Giordano and 
Nieastro 14; Tureo and Pifero 
Sorondo **; Boveri *; Fortin 15; 
Alfonso and Unanuo *5; Rossi 
and Bruzzoni **; Miyares '5; 
Marquez and Vives *? 


T. saginata 15 


Diaz and Tagliavache *; Moguil- 
lanes '*; Berdeal Avila *; 
Torres *4 


Taenia sp 


Europe (Excluding the U. 8. 8. R.) 


Israel 22; Davis 2"; Martin 2°; 
Sonnenburg 22; Hermans #'; 
Krieger **; Rheindorf 2'; 

Bureau °; Comessatti *; 
Richard 2*; Tattoni **; Sassi 2° 

Guinard **; Monod 2*; Tiegel 2°; 

Géckel 2*; Pollag 2*; Retzlaff 27; 


on 


Sassi 25 


’. saginata 12 


’. solium 


Dubourg >; Rammstedt **; 
Sprengel 2°; Letulle and 
Lagane '*; Westerman *”; 
Beck **; Strohbach *'; 
Junack 44; Sechéneberg 27; 
Altenkamp (2) 1; Sechachner 
(2) 2; Pedroni 25 

Matarangas '*; Martini ** 


Taenia sp 14 


E. granulosus 


Africa 

Taenia sp 2 Deschiens and Bablet (2) ® 

1.8.8. R. (Europe and Asia) 

Kiyasov #'; Anosov @'; Diva- 
vin 24; Perecopoy 7+; Lavoch- 
kin 2?; Stark and Chergeshovy 
(3) 24; Vorotyntseva ?'; Seme- 
nov 2!; Pytel 2 

Korganova 27'; Pytel 2? 

Popov 2! 


T. saginata 11 


T. solium 2 
Taenia sp 2 
H. nana 1 


Soloviev 2; 
Lavocehkin 2! 

Asia (Excluding the U.8.S. R.) 
T. saginata 1 
E. granulosus 1 


Toyohara and Miyoshi ** 
Brewer * 


Oceania 


E. granulosus Trinea 35 


* References not seen are indicated by the numbers of 
the authors who cited them 


found.* In only three of the cases (Chutro,7 


Vorotyntseva,t Richard**) have scolices 
been found in the appendix and in such cases 
a few immature proglottids were attached 
to the scolex. Thus, it is evident that attach- 
ment of the tapeworm in the appendix is 
rare, as it has been reported in only 4% of 


the Taenia infections. 


* References 31 and 40. 
+ Chutro, cited by Boveri.* 


t Vorotyntseva, cited by Pytel. 2! 





Hymenolepis nana, the dwarf tapeworm, 
has been reported only once in the appendix 
( Lavochkin §). 

Echinococcus granulosus, or hydatid cyst, 
is found much more commonly in other re- 
gions of the body, particularly in the liver 
and lungs, than it is in the appendix. The 
records available reveal its occurrence only 
five times in the appendix. According to 
Stoll,*° about 1800 cases of hydatid are re- 
ported annually. Of the estimated 50,000 to 
90,000 cases of hydatid reported in the past 
50 years, only 5, so far as determined, oc- 
curred in the appendix, giving an incidence 
of appendiceal hydatidosis of than 
0.01%. Nearly haif of the annually reported 


less 


cases of hydatid are from South America,*° 
yet none of the five cases of hydatid of the 
appendix was from that region of the world. 

\pproximately 96% of the infections with 
Taenia occur in the U. 
and Asiatic), 


S. S. R. (European 


Asia, and Africa, and only 


4% in the remainder of the world.*® How- 


ever, 59, or 76.5%, of the 77 cases of 
taeniasis of the appendix were reported from 
those areas having only 4% of the Taenia 
cases. This leads us to believe that invasion 
of the appendix by Taenia is much com- 


moner than indicated in the Table, and that 


and Africa are not discovered or reported. 
For example, Deschiens and Bablet * exam- 
ined only nine appendices of Senegalese and 
found 22.2% 


22.470 ) 


two with proglottids of 
Taenia, although they admitted that this per- 
centage probably would not be so high if 


larger numbers had been examined. 


B. CLINICAL 


clinical 


SYMPTOMS 

The appendicitis 
where cestodes are present are not basically 
different from those of chronic or subacute 
appendicitis, according to Pytel ** and others. 
Variations in symptoms occurred in the dif- 
ferent cases, but there symptom 
which was found in these patients which are 
not found in patients having appendicitis 
without parasites. 


symptoms of 


was no 


§ Lavochkin, cited by Pytel.*? 
90 


A. M. A. ARCHIVES OF PATHOLOGY 

Appendiceal colic is generally attributed 
to the migration of proglottids into the 
appendiceal lumen or back into the large 
intestine from the appendix.* The pain asso- 
ciated with taenial appendicitis has been 
explained in two slightly different ways. 
Chutro || attributed the pain to the move- 
ments of the worm within the lumen, causing 
an erection of the appendix and a traction 
of the mesoappendix. Pytel ** believed that 
the movements of the proglottids in the 
lumen caused an irritation of the sympathetic 
nerve endings, resulting in muscular contrac- 
tion of the appendix. 

There are cases on record in which the 
presence of tapeworms in the intestine caused 
symptoms in the lower right quadrant which 
could not be distinguished from those of 
appendicitis. In a case of Taenia** and in 


one Hymenolepis nana * symptoms of appen- 


dicitis were present and stool examinations 
revealed the presence of tapeworms. After 
treatment for tapeworms, the symptoms dis- 
appeared and it was unlikely that portions 
of the worms were in the appendix. In an- 
other case,” an operation for appendicitis 
revealed a large hydatid cyst in the omen- 
tum, a torsion of the omentum so that the 
cyst was pressed against the appendix and 
the appendix itself was inflamed. As the 
appendix revealed a state of acute appendi- 
citis, this probably was stimulated, to some 
extent, by the external influences exerted 
by the adjacent hydatid cyst. 


C. PATHOLOGY OF THE APPENDIX IN CESTODE 
INFECTIONS 

The entire range of pathologic conditions 
of the appendix have been reported by various 
investigators for those appendices harboring 
Taenia. The diagnoses have varied from 
no inflammation (Divavin,{ Popov #) to 
chronic appendicitis (Comessatti,’ Richard,** 
and others), catarrhal appendicitis (Stark 
and Chergeshov *), phlegmatic appendicitis 


|| Chutro, cited by Boveri. 
{ Divavin, cited by Pytel.?1 
# Popov, cited by Pytel.21 


* Stark and Chergeshov, cited by Pytel.*? 
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( Des- 
chiens and Bablet*), subacute appendicitis 


(Torres '*), follicular appendicitis 
(Marquez and Vives '*), and acute appen- 
dicitis (Altenkamp,' Rossi and Bruzzoni,** 
and others). From this it is evident that no 
pathologic entity separates appendices har- 
boring Taenia from those which do not con- 
tain tapeworms. 

It is generally conceded that proglottids 
of Taenia may exert three possible actions 
on the appendix: occlusive, traumatic, and 
toxic. Complete blocking of the lumen by a 
tapeworm proglottid would result in a closed 
the distal end, which would 
enable bacteria already present to multiply 
rapidly. However, Upton ** considered the 
obstructive action of proglottids to be a rare 


chamber at 


condition, and this is borne out by the figures 
presented by most of the investigators,7 
whose photographs showed the proglottids 
occupying only a portion of the iumen. 
Traumatic action, due to the penetration 
the and their 
active rubbing against the mucosa, is more 


of proglottids in lumen 
likely to result in changes in the appendix. 
Proglottids of Taenia can force their way 
through the anal sphincter; they have been 
reported by Gherardit to have perforated 
the intestinal wall, and Letulle and Lagane ** 
described a case in which the appendix was 
perforated by a proglottid. Such violent 
activity as this is bound to cause some dam- 
age to the delicate mucosal layer of the 
appendix, and in many of the appendices 
containing Taenia the mucosa has been found 
injured or destroyed in the region of the pro- 
glottid. This damage to the mucosa enables 
the bacteria present in the appendix to in- 
vade the tissue. Changes take place in the 
wall of the appendix as a result of bacterial 
invasion and all layers from the mucosa to 
the serosa may be involved. Sometimes when 
the mucosa has not been broken, the irrita- 
tion of the mucosa by the active proglottid 
stimulates mucus production and a hyper- 
plasia of the follicles. 

The toxic action of the proglottids is gen- 
erally indicated by the presence of discrete 

+ References 2, 7, 9, 20, 26, 33, and 37. 

t Gherardi, cited by Tattoni.8? 


or pronounced eosinophilia, particularly in 
the region where the worm is located. As 


eosinophilia is a response to foreign pro- 
teins ** and as extracts of T. saginata and 
fluid from hydatid cysts greatly resemble 
subacute histamine poisoning when injected 


into animals (von Brand **), it is logical to 
assume that the proglottids secrete some 
toxic substances which cause the appearance 
of eosinophiles in adjacent tissues. 

The variations in the pathology of the 
appendix, as reported by the different inves- 
tigators, may be attributed, to some extent, 
to the length of time the proglottids were 
in the appendix. If the proglottid had entered 
the appendix just prior to the operation, little 
or no damage could be traced to it. If it had 
been in for a short while, minor changes, 
such as mucosal lesions, eosinophilia, and 
hyperplasia of the follicles, may have taken 
place. However, if the proglottid had been in 
for some time, extensive leucocytic infiltra- 
tion, changes in the various layers of the 
wall, and even generalized necrosis may have 
occurred. 

Whenever proglottids are found in the 
appendix, the question arises as to whether 
or not they are the cause of appendicitis. 
From the evidence it appears that a mild 
appendicitis, consisting of one or more of the 
following conditions—eosinophilia of adja- 
cent tissues, mucosal lesions, hyperplasia of 
follicles with increased mucus production or 
occlusion of the lumen—may be traced di- 
rectly to the traumatic, toxic, or occlusive 
actions of the proglottids. However, ad- 
vanced stages of appendicitis are due to 
bacterial action and the proglottids merely 
pave the way for bacterial invasion of the 
tissues by their relatively minor damage to 
the mucosa. 

Appendices having hydatid cysts vary 
considerably from those harboring proglot- 
tids of Taenia, and in these the cestode is the 
cause of the pathology rather than acting as 
a participant in the bacterial invasion. The 
location of the cyst in the appendix varied 
in nearly every case. In two cases ( Brewer,‘ 
Matarangas §$) the entire lumen was in- 
§ Matarangas, cited by Martini.1® 
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volved; in one case (Slocumb **) the entire 
appendix was involved and the appendiceal 
cyst was adjacent to another cyst, which 
extended upward under the right lobe of the 


i8 


liver; in another (Martini '*) the cyst was 
attached in the wall near the median part of 
the appendix and extended inward only to 
the subserosa; and in the last (Trinca *) 
the cyst was between the layers of the meso- 
appendix and was intimately connected with 
the appendix near the tip, and two young 
cysts, apparently hydatid, projected through 
the serous coat of the tip of the appendix. 


SUMMARY AND CONCLUSIONS 


A case of acute appendicitis in which a 
dead proglottid of Taenia was present in the 
lumen is reported. This appears to be the 
eighth case from the United States, and the 
writers found references to only 82 other 
cases of appendicitis with cestodes reported 
throughout the world. 

As there are no clinical symptoms and no 
pathologic conditions which separate appen- 
dicitis with cestodes from appendicitis with- 
out parasites, it appears that the traumatic, 


toxic, and possibly occlusive actions of tape- 


worm proglottids in the appendiceal lumen 
stimulate bacterial action on the appendix, 
but the 
sidered the cause of appendicitis, except for 


worms themselves cannot be con- 
such minor changes as eosinophilia, mucosal 
lesions, hyperplasia of follicles or, rarely, 
occlusion of lumen. 

The incidence and distribution of cestode 
infections of the appendix are discussed and 
that 
probably occurs much more frequently than 


indications presented this condition 


the literature shows. 
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News and Comment 


ANNOUNCEMENTS 


Medical Student Research Fellowships.— Medical Student Research Fellowships, avail- 
able to medical schools throughout the United States and Canada, are now being offered for 
the current year by Lederle Laboratories Division, American Cyanamid Company. 

The Fellowships, not exceeding $600 for any one person, are intended to relieve some of the 
financial burden of students who desire to devote their summer vacations to basic research in 
the preclinical medical sciences. 

Selection of students to receive the award will be made by the dean of the medical school 
or his selection committee. Students who apply must be of good scholastic standing and have 
the consent of the faculty member under whose supervision their research is to be conducted. 
Such research may be carried on in another medical school if the arrangements are satisfactory 
to faculty authorities in both schools. 


American Medical Society of Vienna.—The American Medical Society of Vienna 
announces the following seminar congresses in pathology by the medical faculty of the University 
of Vienna: May 12-13, Histological Pathology; July 14-15, Gross Pathology, and Sept. 15-16, 
Surgical Pathology. Final details may be obtained from the American Medical Society of Vienna, 
Universitatsstrasse 11, Vienna (1). Cable: “Ammedic” Vienna. 


GENERAL NEWS 


Clendening Lecture by Dr. Esmond R. Long.—Dr. Esmond R. Long, director, Henry 
Phipps Institute for the Study, Treatment and Prevention of Tuberculosis, Philadelphia, delivered 
the annual Clendening Lecture on the History and Philosophy of Medicine at the University of 
Kansas Medical School, on April 12-13. 
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Postirradiation parabiosis has been de- 
scribed previously as a procedure that will 
alleviate the manifestations of acute irradia- 
tion injury and significantly reduce mortality 
in rats following lethal total-body exposure 
to x-ray (Brecher and Cronkite, 1951; Fin- 
erty and co-workers, 1952). Postirradiation 
parabiosis has also proved to be an effective 
therapy in spite of removal of the nonirradi- 
ated partners’ spleen or adrenals ( Schneider 
and co-workers, 1954) or pituitary ( Finerty 
and co-workers, 1953) or kidneys ( Finerty 
and Binhammer *). The technique has also 
been used to elucidate the time relationship to 
postirradiation protection from lethal expo- 
1953). 


In the L. D. 9o-190/30 day dose range, in- 


sure (Binhammer and co-workers, 


jury to the hemopoietic system becomes the 
most important cause of death (Cronkite and 
srecher, 1952): therefore, the agents which 
will prevent or alter these changes probably 
will be effective in protecting from irradia- 
tion death. However, it is entirely possible 
—— ae 
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Binhammer: Unpublished data. 


that other biological systems may be injured 
and that protective agents act on systems 
The 


mechanism for protection by postirradiation 


other than the hemopoietic system. 
parabiosis remains obscure, but it is probably 


related to extensive vascular anastomosis 
between the two partners (Huff, Trautman, 
and Van Dyke, 1950). By depicting morpho- 
logically and histopathologically the course 
of the acute irradiation syndrome and its 


modification during protection by postirradi- 


ation parabiosis, the following study attempts 


to clarify the role of the parabiotic union in 
the defense against the lethal effects of total- 
body irradiation. 


MATERIALS AND METHODS 


Eighty female littermate rats (Holtzman), ap- 
proximately 40 days of age and weighing 120+5 
gm., were placed in parabiosis according to the 
method described by Bunster and Meyer (1933) 
within three hours after one partner had received 
a lethal dose of x-radiation. The rats to be irra- 
diated were placed in small plastic boxes 18 by 8 
by 5 cm. in size; two boxes were centered in the 
field of Total-body 
directed to the dorsal aspects of the animals with 
the following factors; 250 kv., 30 ma., 0.25 Cu, 1.0 
Al, HVL 0.88 Cu, 50 cm. FSD, 20 by 20 cm. field 
at an approximate intensity of 127 r/minute, for a 


exposure. irradiation was 


period of 5.5 minutes. This had been found pre- 
viously to be an L. D.ss/30 days dose in this labo- 
ratory. 

Pairs and controls were killed at 2-day intervals 
following exposure and pairing until the 20th post- 
irradiation day. After killing the animals were care- 
fully separated, weighed, and autopsied. Thyroid, 
thymus, adrenals, spleen, ovaries, and uterus were 
removed from each animal, excess connective tissue 
from the organs, and they were 
weighed on a Roller-Smith torsion balance. After 
weighing, the organs were fixed in a Zenker-formol 


was removed 


fixative and prepared for histopathological study. 
In addition, the brain and representative portions 
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Fig. 1.—Comparison of the growth curve of female rats for a 20-day period following 
exposure to 700 r and subsequent protection by parabiosis with those of their nonirradiated 
partners, unprotected irradiated rats, and nonirradiated controls. 
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Fig. Comparison of the curve of relative adrenal weight of female rats for a 20-day period 


following exposure to 700 r and subsequently protection by parabiosis with those of their non- 
irradiated partners, unprotected irradiated rats, and nonirradiated controls. The precipitous 
increase in relative adrenal weight of irradiated single rats is due to the combined adrenal hyper- 
trophy and concomitant body weight loss preceding death. 
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Fig. 3.—Comparison of the curve of relative spleen weight of female rats for a 20-day period 
following exposure to 700 r and subsequent protection by parabiosis with those of their nonirradi- 
ated partners, unprotected irradiated rats, and nonirradiated controls. There is an increase 
in both relative and absolute spleen weight of nonirradiated parabionts during the effective period 
of protection. 


RELATIVE 
THYMUS WEIGHTS 


SINGLE IRRADIATED 
IRRADIATED PARTNER 
NON-IRRADIATED PARTNER -—-—-—-— 
SINGLE NON-IRRADIATED ——— — 


BODY WEIGHT 


100 gm 





TIME IN DAYS 


Fig. 4.—Comparison of the curve of relative thymus weight of female rats for a 20-day period 
following exposure to 700 r and subsequent protection by parabiosis with those of their non- 
ated partners, unprotected irradiated rats, and nonirradiated controls. 
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Effect of Irradiation and Parabiosis upon Relative Weight of Various 


Organ Weight in Mg./100 
Gm. Body Weight 


Adrenals 
Single control 
Single irradiated 
Irradiated partner 
Nonirradiated partner 


Thyroid 
Single control 
Single irradiated 
Irradiated partner 
Nonirradiated partner . 


Ovaries 
Single control 
Single irradiated 
Irradiated partner 
Nonirradiated partner . 


Uterus 
Single control 
Single irradiated 
Irradiated partner 
Nonirradiated partner .. 
Thymus 
Single control 
Single irradiated 
Irradiated partner 
Nonirradiated partner 
Spleen 
Single control oe 
Single irradiated — isoe. dieen 124 
Irradiated partner 
Nonirradiated partner .......... seneee. SOee 346 


* Each figure represents the average of four rats. 


of gastrointestinal tract, kidney, lymph nodes, and 
bone marrow were removed and fixed in the Zenker- 
formol fixative. All tissues routinely received hema- 
toxylin and eosin treatment. 

rats, 24 
nonirradiated-nonirra- 


Twelve single irradiated single 


irradiated 


non- 


animals, and 6 
diated pairs served as controls. 
Purina laboratory chow and tap water ad libitum 


were given the animals in all groups. 


RESULTS 

Results concerning the body weight and 
the relative weight of the adrenals, thyroid, 
ovaries, uterus, thymus, and spleen are pre- 
sented in Table and Figures 1 to 4. Each 
point on the weight graphs represents the 
relative average weight of four animals. To 
avoid confusion, data concerning the non- 
irradiated-nonirradiated pairs were not in- 
cluded on the graphs but, when pertinent, 
will be discussed. 

Body Weight. 
dent that the weight reduction seen in all 


From Figure 1 it is evi- 


Organs * 


Days Following Irradiation 


6 s 10 2 14 
32.0 
49.9 
34.6 


experimental groups ceases about the fourth 
day after irradiation and pairing, with the 
exception of the single irradiated animals, 
which continued to lose weight until death 
ensued. The hatched area in Figure 1 rep- 
resents the weight range of all animals at 
the commencement of the experiment. Weight 
of the irradiated partner being protected by 
the parabiotic union followed the weight 
curve of its nonirradiated partner, though at 
a slower pace. There was a similar initial 
decrease in weight and gradual recovery 
noted in nonirradiated-nonirradiated para- 
bionts, as a result of the stress of the opera- 
tion. 

Adrenals.—The response of adrenal weight 
to parabiosis and/or irradiation is graphi- 
Table. 


This is expressed in terms of weight of the 


cally presented in Figure 2 and the 
; £ 


adrenal glands per 100 gm. of body weight, 
since marked weight depletion followed both 
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irradiation and surgical procedures. In all 
cases, however, adrenal hypertrophy was of 
such magnitude that it was apparent on an 
absolute weight basis as well. Weight of the 
adrenals of the single irradiated animals rose 
precipitously until death occurred on or 
shortly after the sixth day. A 
crease, but not so precipitous, was noted in 


similar in- 


the adrenal weight of the irradiated para- 
biont. After 12 days of union the weight of 
these organs tended to reach equilibrium at 
a slightly higher level than those of the same 
glands in the nonirradiated parabiont. Com- 
parison of adrenal size between the nonirra- 
diated parabiont and the single nonirradiated 
animal revealed a slight persistent hyper- 
trophy of the former; there was a similar 
increase in adrenal size present in the non- 
irradiated-nonirradiated parabionts. 

The only variation observed in histological 
study was that the cells of the zona fascic- 
ulata were more vacuolated in appearance 
in the irradiated than in the nonirradiated 
animals. 

Spleen.—The Table and Figure 3 present 
the spleen weight data. In both irradiated 
groups exposure caused drastic splenic 
weight reduction, which ceased after four 
days. However, in the case of the single 
irradiated animals death intervened before 
weight could be recovered. Spleens of the 
irradiated parabionts rapidly recovered 
weight, both on an absolute and on a relative 
basis, under the influence of parabiosis, and 
the weight reached a plateau on the 12th 
postirradiation day, at a 


somewhat lower 


level than the weight of the same organs in 


their nonirradiated partners but at a higher 
level than those of the single nonirradiated 
animals. Hypertrophy of the spleen in the 
nonirradiated parabiont was evident between 
the 6th and 12th days. Weight of the spleen 
in the untreated pairs did not vary signifi- 
cantly from weight of that organ in the single 
nonirradiated control. 

Histological appearance of the spleen cor- 
relates well with the weight data. Irradiation 
caused an immediate destruction of white 
pulp, 
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hemopoietic perifollicular envelope 
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(Krumbhaar, 1948), megakaryocytes, and 
hemopoietic centers in the red pulp (Figs. 5 
and 6). The red pulp was thus reduced in 
size but was still present. Very little, if any, 
regeneration occurred in the spleens of single 
irradiated animals before death precluded 
further investigation. In the irradiated para- 
biont the regeneration was dramatic. Several 
foci of regeneration were in evidence after 
4 days of parabiosis, and germinal centers 
had nearly recovered their normal structure 
8 to 10 days after union (Fig. 7). Mega- 
karyocytes reappeared about the 10th day of 
parabiosis. Shortly after the 10th day germi- 
nal centers and hemopoietic centers in the red 
pulp became hyperactive, which was manifest 
in the high rate of mitosis. The spleen of the 
irradiated parabiont had assumed a near- 
normal appearance by the 14th day of para- 
biosis. While splenic regeneration was taking 
place in the irradiated parabiont, a concom- 
itant hyperactivity demonstrated by the in- 
creased size of perifollicular envelope and by 
the numbers of erythropoietic areas in the 
red pulp was noted in the spleen of the non- 
irradiated parabiont (Fig. 8). Peak activity 
in the spleen of the nonirradiated member 
was reached by the 10th day of parabiosis. 
\s the structure of the irradiated animal's 
spleen returned to normal, this hyperactivity 
became reduced. 

Thymus.—Weight of the thymus in both 
irradiated groups was found to drop rapidly 
during the four days after exposure and 
continued to decrease in single irradiated 
animals until death intervened (Table, Fig. 
4). However, the thymus in the irradiated 
parabiont began to recover about the 12th 
day of parabiosis, although it in no wise 
approached normal size. Study of thymus 
weight in the nonirradiated parabiont re- 
vealed it to be considerably smaller than the 
thymus in the single nonirradiated animal 
up to the 12th day of parabiosis. At that 
time the curves approached each other on 
both an absolute and a relative weight basis. 
Thymi of nonirradiated-nonirradiated pairs 
presented a picture similar to that of the 
nonirradiated parabiont. 

















Fig. 5.—Microscopic section of normal rat spleen. Note diameter of perifollicular envelopes 
surrounding white pulp and numerous hemopoietic centers in red pulp. The arrow indicates 
typical area of normal perifollicular envelopes. Hematoxylin and eosin; mag. x 37. 

Fig. 6—Microscopic section of rat spleen two days after x- -irradiation. There is a complete 
absence of lymphocytes and the whole organ is atrophied. Hematoxylin and eosin; mag. x 37. 

Fig. 7—Microscopic section of rat spleen eight days after x-irradiation and parabiosis with 


a nonirradiated littermate. Many groups of lymphocytes and hemopoietic areas are apparent. 
Hematoxylin and eosin; mag. x 37. 


Fig. 8.—Microscopic section of spleen of a nonirradiated rat in parabiosis with a littermate 
that had been x-irradiated 12 days previously. Compare diameter 
(example indicated by arrow) of this spleen with control rat in Figure 5. 


dividing cells of the leucocytic series are present. Hematoxylin and eosin; mag. x 37. 


of perifollicular envelopes 
Many immature, 
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Fig. 9.—Microscopic section of aggregated lymph nodules (Peyer's patch) in small intestine 
I £ ym] ) I 


of a normal rat. Hematoxylin and eosin; mag. x 70. 
Fig. 10.—Microscopic section of aggregated lymph nodules (Peyer’s patch) in small intestine 
of a rat exposed to 700 r, two days previously. Shrinkage of lymphoid tissue to a narrow band 


has caused a greater extent of epithelium to be apparent than in the control shown in Figure 9. 
Hematoxylin and eosin; mag. x 70. 


Fig. 11.—Microscopic section of aggregated lymph nodules (Peyer’s patch) in small intestine 
of a rat eight days after x-irradiation and parabiosis with a nonirradiated littermate. Lymphoid 
areas are regenerating. Hematoxylin and eosin; mag. x 70. 

Fig. 12.—Microscopic section of aggregated lymph nodules (Peyer’s patch) in small intestine 


of a rat 12 days after x-irradiation and parabiosis with a nonirradiated littermate. Hematoxylin 
and eosin; mag. X 70. 
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Fig. 13.—Microscopic section of femoral bone marrow of a normal rat. Hematoxylin and 
eosin; ma. X 333 

Fig. 14.—Microscopic section of femoral bone marrow of a rat six days after exposure to 
700 r. Areas between fat cells are primarily masses of red blood cells and cellular debris 
rather than proliferating blood-forming cells, as in Figure 15. 


222 


Hematoxylin and eosin; mag. 
x J03. 


Fig. 15.—Microscopic section of femoral bone marrow of a rat six days after exposure to 
700 r and parabiosis with a nonirradiated littermate. Note marked regeneration of hemopoietic 
cells. Hematoxylin and eosin; mag. x 333. 

Fig. 16.—Microscopic section of femoral bone marrow of a rat 14 days after x-irradiation 
and parabiosis with a nonirradiated littermate. Note similarity to normal in Figure 13. Hema- 
toxylin and eosin; mag. x 333. 
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Fig. 17.—M icroscc ypic 


section of ovary of a normal rat. Hematoxylin and eosin; mag. x 37. 
Fig. 18.—Microscopic 


section of ovary of a rat which had been exposed to 700 r, two days 


previously. Note reduction in size, atretic follicles, highly vascular corpora lutea. Hematoxylin 
and eosin; mag. x 37. 


Fig. 19.—Microscopic section of ovary of a rat which had been x-irradiated and paired with 
a nonirradiated littermate 10 days previously. Absence of follicles and prominent corpora lutea 
are characteristic. Hematoxylin and eosin; mag. x 37. 





IRRADIATION AND PARABIOSIS 
Investigation of the histology of the thy- 
mus revealed complete disruption of struc- 
ture in irradiated animals two days after 
exposure. Cortex and medulla were indis- 
that the 


tissue framework had collapsed. Large areas 


tinguishable at time ; connective 
of pyknosis were noted in areas presumed to 
have been medullary in nature. After four 
days of parabiosis several foci of regeneration 
were conspicuous in the irradiated para- 
biont’s thymus. These foci gradually in- 
creased in size and number until cortex and 
medulla once more could be differentiated, 
about the 14th day of union. 

Considerable destruction of other lymph- 
oid tissue all over the body was noted in all 
irradiated animals. There was a marked in- 
crease in the number of hemosiderin-filled 
macrophages in the sinuses of the lymph 
nodes. As in the spleen, germinal centers in 
lymph nodes and Peyer’s patches were de- 
stroyed shortly after exposure (Figs. 9 and 
10). Regeneration of these lymphatic organs 
took place rapidly, as evidenced by a near- 
normal appearance of nodules after 12 to 14 
days of union ( Figs. 11 and 12). 
removed 
from the femur at the time of autopsy was 


Bone Marrow.—Bone marrow 
studied microscopically. The bone marrow 
of all irradiated animals showed aplasia of 
all cell types within two days, with absence 
of hemopoiesis and myelocytopoiesis ( Figs. 
13 and 14). Cellular 
throughout the marrow at this time interval. 


debris was evident 
After another two days the debris had been 
phagocytosed and depleted areas were filled 
with fatty marrow. In all cases, small foci 
of viable cells consisting primarily of leuco- 
cytes and primitive reticular cells remained 
after irradiation. The single irradiated con- 
trols succumbed before notable regeneration 
could take place; regeneration in irradiated 
parabionts began about the sixth day after 
irradiation (Fig. 15). Regeneration was esti- 
mated 20% to 30% complete by the eighth 
day, and a concomitant high rate of mitosis 
was noted in the marrow of the nonirradiated 
parabiont. Fourteen days after parabiosis an 
estimated 50% to 75% of regeneration had 
taken place (Fig. 16), and this regeneration 


continued until nearly complete at the termi- 
nation of the study. 

Thyroid.—The the thyroid 
(Table) was extremely variable in all of the 


weight of 


groups, and no significant differences could 
be detected on either an absolute or a relative 
weight basis. Microscopic study of the thy- 
roid showed no divergence from the normal 
structure. 

Ovaries. the ovarian 
weight in the Table discloses that the relative 


Examination of 


weight of this organ tended to be rather 
inconstant, which is characteristic of rats of 


this age. However, the small size of the ovary 


in the irradiated parabionts was a consistent 
feature. A slight rise in ovarian weight in 
these animals was noted after the 14th day 
of union, but it never approached the size of 
the the animals. 


Histological appearance of the organ was 


ovary in nonirradiated 
correlated with the weight reduction after 
and 
pairing all follicles showed evidence of much 


irradiation. Two days after irradiation 


and 
18). No intact ova could be detected in any 


pyknosis and karyorrhexis (Figs. 17 
of the follicles. The interstitial tissue was 
reduced, and many highly vascular corpora 
lutea constituted the major portion of ovarian 
tissue. By the 10th postirradiation day (Fig. 
19) the ovaries consisted of only scanty con- 
nective tissue and many prominent enlarged 
corpora lutea, which persisted throughout the 
period of study. Several small follicles with 
normal ova put in their appearance 12 to 14 
days after irradiation, but the interstitial 
tissue did not appear to regenerate. 
Uterus—The accompanying Table gives 
the details of investigation of the uterine 
weights. As in the case of ovarian weight, 
the pattern is very irregular, but close paral- 
lels in the weights of the two organs may be 
discerned. The only remarkable curve is that 
of the irradiated parabiont, in which animals 
the uterine weight fell steadily until the sixth 
postirradiation day, when atrophy ceased. 
After an additional six days of union, the 
weight had been recovered. 
Microscopic examination of kidneys, stom- 
ach, small intestine, colon, and hypothalamic 
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nuclei revealed no differences of any con- 
sequence from identical organs in the non- 
irradiated parabiont, with one exception. The 
epithelium of the small intestine at two days 
after irradiation showed marked regression 
of mitotic activity, degeneration, necrosis, 
and desquamation of epithelial cells. The 
damage was rapidly repaired, as evidenced 
by complete recovery by the fourth post- 
irradiation day, even in single irradiated rats. 


COM MENT 


Study of body weights indicates that both 
irradiation and parabiosis cause some reduc- 
tion in body weight. The losses were attrib- 
uted to intestinal damage and subsequent 
animals, since 


diarrhea in the irradiated 


x-irradiation does not greatly alter the 
metabolism or degree of hydration of tissue 
(Nims and Sutton, 1952), 


of the 


and to the trauma 
parabiosis operation, respectively. 
Weight loss ceased about the fourth post 
irradiation day in the parabionts, which is 
the approximate time of vascular anastomo 
sis across the union (Van Dyke, Huff, and 
1948). The 


nearly attained the weight of its partner, but 


Evans, irradiated parabiont 


even at 60 days after irradiation (30 days 


after separation ) it remained slightly smaller 


(Binhammer, Metz, and Sc 1953). 
Study of the adrenal weights was interest- 
both ( Patt 


1947) and parabiosis per se ( Meyer, 


neider, 


others, 
sid- 


dulph, and Finerty, 1946) cause activation 


ing. Since X-ray and 


of the pituitary-adrenal axis, it was not sur- 
prising to find hypertrophy of the adrenals 
in the experimental animals. Hypertrophy in 
the single irradiated animal was in part arti 
ficial, since the body weight loss was so rapid 
in this group. The adrenal hypertrophy in 
the irradiated parabiont was the result of the 
combination of procedures, but it was a 
temporary increase in weight, for the adrenal 
weight of these animals was not found sig 
nificantly different from that of nonirradiated 
partners 60 days after irradiation ( Binham- 
mer, Metz, and Schneider, 1953). The in- 
creased vacuolation in zona fasciculata cells 
shortly after irradiation was correlated with 
increased functional activity. 
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Since lymphoid tissue is a tissue sensitive 
Tullis, 1952) 


and to adrenocortical hormones, reduction in 


to irradiation (Barrow and 
weight of the thymus may be correlated with 
the direct effects of the x-ray and release of 
adrenocortical hormones in irradiated an- 
imals and with the latter in the nonirradiated 
parabionts. Thymic regeneration was slow in 
starting as compared with other radiosensi- 
tive organs, but, once begun, regeneration 
proceeded rapidly. Since it has been found 
that single rats exposed to 600 r, a sublethal 
dose, showed beginning regeneration of free 
cells at 14 days after irradiation and near- 
complete repopulation only 21 days after 
exposure ( Bloom, 1948), these data suggest 
that parabiosis hastened regeneration in the 
experimental groups. Original thymus weight 
was not regained in these animals, whereas 
other lymphoid organs attained normal size 
within 20 days. This is probably due to the 
fact that thymic reduction occurs normally in 
response to physiological effects of increas- 
ing age and, in this experiment, has been 
induced precociously by irradiation and 
parabiosis, although complete recovery may 
possibly occur later, as shown by Carnes, 
Forker, and Lier (1954) in thigh-shielded 
mice. 

The original damage to splenic and other 
lymphoid tissue after irradiation coincides 
with Bloom’s (1948) description of damage 
after 600 r, with the exception that large 
lymphocytes in the spleen survived after 
600 r, according to Bloom. There was little 
repopulation in the spleen up to 9 days after 
exposure, and it was not general in all speci- 
mens until 14 days after irradiation. Mega- 
karyocytes in his series were absent from the 
5th to 14th days and did not reappear in 
numbers until three weeks had passed. He 
described great masses of erythroblasts in 
the red pulp of the spleen between 10 and 14 
days after irradiation. Lymph node regenera- 
tion was complete at a much later date. As 
was previously described in detail, regenera- 
tion of splenic tissue in the irradiated para- 
biont, though it received 700 r, was more 
rapid than that in Bloom’s single animals 
exposed to 600 r. Recovery of weight and 





IRRADIATION AND PARABIOSIS 


normal structure of the spleen began about 
three to four days after surgical union, 
shortly after capillary anastomosis becomes 
effective. 

Exact studies of the cellular responses in 
total- 
body x-irradiation have been made for the 
Gold- 
schmidt (1951) and for the mouse by Bar- 
row and Tullis (1952). The results of both 


bone marrow to sublethal doses of 


rat by Rosenthal, Pickering, and 


studies were similar, describing most marked 
destruction of lymphocytes, with erythroid 
cells, the granulocytic series, and megakaryo- 
cytes damaged less severely, in that order. 
Regeneration first appeared at 12 days after 
irradiation, with large areas of erythropoiesis 
in evidence. Megakaryocytes were few in 
number up to 15 days after exposure ( Ro- 
senthal 1951). The 


parabiont’s marrow, in the present experi- 


and others, irradiated 
ments, showed aplasia of all cell types. Once 
again regeneration began earlier and pro- 
gressed more rapidly in this animal than in 
the single animal receiving a sublethal dose. 
Regeneration began shortly after vascular 
anastomosis could be expected to be com- 
plete. 

Thyroid architecture in this study was not 
different from the normal picture. Sommers 
(1953) reported postirradiation thyrotropic 
stimulatory effects, but these were evident 
practically only in parabionts subjected to a 
hypoadrenal state. Tusques, Berger, and 
Moret (1953) described lesions in the thy- 
roid within 3 to 54 hours after irradiation, 
which they attributed to t*e direct destruc- 
tive action of x-rays. Atrophy of thyroid 
epithelium after lethal doses of x-ray was 
reported by Betz (1952), who theorized that 
TSH was inhibited because of increased pro 
duction of adrenocorticotropic hormone. 

The ovarian damage caused by direct ac- 
tion of the x-ray beam was at variance with 
some of the information gleaned from previ- 
ous studies. Bloom’s (1948) study revealed 
that the ovaries consisted predominantly of 
interstitial cells, a few degenerating follicles, 
and some corpora at 21 days after initial 
600 r total-body exposure. As previously de- 
scribed, interstitial cells were nearly com- 


pletely destroyed in the ovaries of irradiated 
parabionts. That corpora lutea are more re- 
sistant to irradiation than the follicles was 
borne out by the persistence of these struc- 
tures despite the damage to other ovarian 
features. The appearance of the ovaries in 
this study is suggestive that the x-ray has 
served as a stimulus for luteinization. Many 
corpora lutea seemed to appear after expo- 
sure and persisted even 60 days or more after 
irradiation. It was understandable that the 
ovary of the nonirradiated parabiont showed 
no change, since there is good evidence for 
failure of endogenous IH transmission be- 
tween parabiotic rats ( Biddulph and Meyer, 
1946; Greep and Jones, 1950). Destruction 


of interstitial tissue and normal follicles des- 


ignated the ovary as an extremely radio- 
sensitive organ. 
Regeneration of spleen, thymus, lymph 
nodes, and bone marrow during the post- 
this 
study, and the resulting data fit in well with 


irradiation period was the focus of 
previous studies concerning the critical pe- 
riod for parabiotic protection from x-irradia- 
tion (Binhammer and others, 1953). Near- 
follows 10 days of 


postirradiation parabiosis, and the present 


maximal survival 
experiments show that regeneration of im- 
portant hemopoietic tissues is well estab- 
lished by 10 to 12 days. Since there is 
evidence of commencement of regeneration in 
hemopoietic organs before death of untreated 
irradiated animals, we conclude that post- 
irradiation parabiosis is effective in main- 
taining irradiated animals until this regenera- 
tion occurs and that regeneration also may 
be hastened by supply of humoral ‘factors 
from the nonirradiated parabiont. 


SUMMARY 


Studies of weight and microscopic struc- 
ture of various organs of the rat at two-day 
intervals during the period of parabiotic pro- 
tection from lethal amounts of x-radiation 
were made. An immediate decrease in body 
weight and weight of hemopoietic and 
lymphopoietic organs occurred, with early 
onset of recovery at four days after exposure 


and parabiosis. Parabiotically protected rats 
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showed rapid recovery of normal structure 
of these organs, although some regeneration 
was seen even in single, untreated irradiated 
animals before death. Adrenal weight in- 
creased in all experimental animals immedi- 
ately after irradiation and/or pairing, with 
evidence of increased function. Irradiation 
caused destruction of follicles and ovarian 
interstitial tissue, and corpora lutea predomi- 
nated in the exposed rats. 

It is concluded that postirradiation para- 
biosis protects lethally irradiated animals by 
maintaining them until regeneration of vital 


hemopoietic organs takes place and, in addi- 


tion, may provide stimulation for more rapid 


regeneration via humoral factors. 
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ae : a ‘ == of the O,opharyns 


WILLIAM O. GREEN Jr., M.D., Washington, D. C. 


Collision tumors are uncommon and those 
of the pharynx are rare. The case reported 
herein shows an epidermoid carcinoma, 
arising in at least two separate foci in the 
right tonsillar region, colliding with and in- 
vading an independent, low-grade, pedun- 
culated fibrosarcoma, whose origin was be- 
hind and below the posterior tonsillar pillar. 


No reference was found to any identical com- 


Posterior Pillar 


Anterior _ Pillar 
“hy 


Pedunculated -_ 
Fibrosarcoma 


Fig. 1 


bination in this location. Somewhat similar 
been included in earlier 
These 


lesions may have 


case reports as “carcinosarcoma.” 
cases will be discussed briefly, but no at- 
tempt will be made to review the entire litera- 
ture of carcinosarcoma or collision tumors 
in other sites. 

REPORT OF A CASE 
L. S., a 48-year-old, white, male engineer, was 
May 16, 1954, 


sensation in his throat of two months’ 


admitted on complaining of a 


scratching 
duration. His health had been excellent until the 


a 


From the Department of Pathology, George 


Washington University Hospital, Senior Resident 


in Pathology 


onset of this symptom, which caused him to want 
to clear his throat frequently. This was associated 
with mild slight 


dysphagia but did not necessitate a change in diet. 


intermittent hoarseness and 
He consulted his local physician who referred him 
to the University Cancer Clinic on May 6. After 
examination of his pharynx, a “probable inflam- 
matory mass” was noted in the right oropharynx, 
in addition to a small granular ulcerated area on 
the right tonsil. A biopsy specimen was taken of 
each lesion. 

Microscopic report of the tonsillar biopsy was 
epidermoid carcinoma. There was insufficient ma- 


terial to make a diagnosis of the pharyngeal mass. 


Schematic drawing of the location and relative size of the two neoplasms. 


The patient was admitted for surgical removal of 
the oropharyngeal mass and a wider excision of the 
carcinomatous area on the tonsil. He denied weight 
He had 


treatment. On 


loss, sore throats, hemoptysis, or anorexia. 


received no irradiation or other 
physical examination he was a well-developed, well- 
nourished, white man, with moderate hoarseness. 


The 


pharynx showed a l-cm., grayish, ulcerated area on 


The eyes, ears, and nose were not remarkable. 


the right tonsil and a soft, smooth, approximately 
2-cm. mass which appeared to arise from the right 
pharyngeal wall or the base of the tongue (Fig. 1). 
On external palpation this same lesion felt some- 
what larger than it appeared from its oral presen- 
4-cm., 
cystic mass along the posterior border of the right 
of the 
There were no palpable lymph 


tation and was described as: a fluctuant, 


sternomastoid muscle at the level fourth 
cervical vertebra.” 


nodes. The remainder of the examination was nega- 
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tive. Routine laboratory data, including hemogram, 
urinalysis, and serologic tests for syphilis, were 
normal. On May 17 an anterior pharyngotomy was 
performed with the patient under general nasal 
An elliptical mass, meas- 


uring approximately 6 by 3 by 2 cm., attached by 


endotracheal anesthesia. 


a thin stalk to the right lateral oropharyngeal wall, 
was removed. The granular, ulcerated area on the 
right tonsil was widely excised at the same time. 
The patient tolerated the procedure well, had an 
uneventful postoperative recovery, and was dis- 
charged on May 26. As of December, 1954, seven 
months later, there was no evidence of recurrence 
of either tumor. 


Fig. 2.—Representative area of the fibrosarcoma. 
It appears well differentiated and the cells are ar- 
ranged in gently curving bundles and whorls. 
Masson’s trichrome; reduced slightly from mag. 
x 125. 


PATHOLOGIC FINDINGS 


The major specimen consisted of a pedunculated, 
firm, dumbbell-shaped tumor mass, measuring 4.5 by 
1.5 by 1 cm. with approximately 0.7 cm. of stalk 
eccentrically attached, in addition to a small portion 
of pharyngeal mucosa. The surface was slightly bos- 
selated, pinkish-gray, smooth, and appeared grossly 
to be covered by an intact mucosa. On section, it 
bulged slightly and was glistening, tan, and homo- 
geneous. A second specimen consisted of an irreg- 
ular piece of soft, purplish-gray, tonsillar tissue, 
measuring 2 by 1.5 by 1 cm., with a small central 


area of ulceration. 
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Fig. 3.—Higher magnification of the fibrosar- 
coma. Moderate variation in size, shape, and stain- 
ing capacity of the nuclei, some of which show at 
least two prominent nucleoli and a large mitotic 
figure. Hematoxylin and eosin; reduced slightly 
from mag. X 337. 


Fig. 4.—Prominent, wavy, intercellular collagen 
fibers. Masson’s trichrome; reduced slightly from 
mag. X 562 





Microscopically the pedunculated mass 


consisted of spindle-shaped cells which were 


interlaced in gently curving bundles, or 


arranged in whorls, between which were 


(Fig. 2). The 


nuclei were large, generally oval, and hyper- 


prominent collagen fibers 
chromatic, but varied in size, shape, and 
staining capacity in many areas (Fig. 3). 
Two or three prominent nucleoli were often 
present and occasional bizarre mitotic figures 
could be found (Fig. 3). A trichrome stain 


helped confirm the fibrous tissue origin of 


Fig. 5 \ nest of epidermoid carcinoma invading 
the sarcoma. Hematoxylin and eosin; reduced 
slightly from mag. x 250. 


this sarcoma and showed abundant, thick, 
wavy, blue-staining, intercellular collagen, 
which stood out in sharp contrast to the rust- 
colored nuclei and cytoplasm of the cells 
(Fig. 4). Part of the periphery of the tumor 
was covered by stratified squamous epithe- 
lium, while some areas showed superficial 
ulcerations covered by fibrin and an inflam- 
matory exudate related to the site of earlier 


biopsy. At the base (stalk) direct invasion 


by nests of undifferentiated epidermoid car- 


“> “ . 
ope 
“Site OO ey 
oN aa a Da 
Fig. 6—Another focus of epidermoid carcinoma 
invading the sarcoma. Masson’s trichrome; reduced 
slightly from mag. X 125. 


Fig. 7.—Stalk of the pedunculated tumor show- 
ing epidermoid carcinoma and fibrosarcoma side by 
side. The two tumor types are easily distinguished. 
Hematoxylin and eosin; reduced slightly from mag. 
x 7S 





cinoma occurred ( Figs. 5 and 6), and these 
lay in the midst of the sarcoma but could 
be distinguished from it (Figs. 7 and 8). 
The 


epidermoid carcinoma of the tonsil, identical 


second specimen was an anaplastic 
histologically with that invading the fibro- 
sarcoma but separated from it by a distance 


of 2 to 3 cm. 


Fig. 8—Higher magnification of the same area. 
Large, bizarre, deeply staining nuclei of the epider- 
moid carcinoma and comparatively well-differen- 
tiated fibrosarcoma. Hematoxylin and eosin; re- 
duced slightly from mag. x 150. 


COMMENT 


Meyer classified carcinosarcomas and rec- 
ognized three major types according to histo- 
genesis.’ The first was a “combination” type 
resulting from a malignant transformation 
of both epithelial and mesodermal tissues; 
the 
sarcomatous change occurred in the stoma 


second, a “composition” type where 
of a carcinoma; the third, a “collision” type 
where a separate and independent carcinoma 
and sarcoma mutually invaded one another. 
While some may consider this case a “col- 
as classified 
fulfils his 


lision” type of carcinosarcoma, 
by Meyer? we do not believe it 
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criteria and prefer to call it a “collision” 
tumor. In the present case the carcinoma 
invaded the sarcoma but the reverse did not 
occur. Five cases of pharyngeal “carcino- 
sarcomas” were found in the German, British, 
and American literature.* All were in males 
and at least three of the five arose in the 
hypopharynx. The first was recorded by 
Hansemann in 1902,” the second by Kahler 
in 1908.° Harvey and Hamilton, in 1935,‘ 
recorded the third case, which was a squa- 
mous carcinoma of the upper esophagus or 
larynx whose stroma was continuous with a 
hypopharyngeal sarcomatous tumor. The re- 
maining two cases were thought to be of 
the “composition” type and were reported by 
Schwarz, in 1936,° and Hung, in 1949.*° The 
former was in the oropharynx of a man who 
had tertiary syphilis, and the tumor consisted 
of an undifferentiated carcinoma lying in 
a stroma of atypical spindle cells with a 
great deal of inflammatory reaction and bac- 
terial debris. Hung’s case arose in the left 
pyriform fossa and was an adenocarcinoma 
with a stroma, which he interpreted as juve- 
nile fibrosarcoma. Of these five cases, only the 
last one seems to be an example of carcino- 
sarcoma, as classified by Meyer. It is diffi- 
cult to interpret the pictures shown in the 
older case reports, and these writers appar- 
ently failed to recognize the spindle cell 
change of which epidermoid carcinomas are 
capable. In addition, true carcinosarcomas 


are uncommon lesions. Saphir and Vass, in 


1938,’ 153 
various organs, including the hypopharyn- 
geal Hamilton, 
doubted the validity of most of the reported 


reviewed “carcinosarcomas” of 


case of Harvey and and 
cases. They accepted only three or four as 
true examples of carcinosarcoma and believed 
that most of the others were primarily ana- 
plastic carcinomas. Saphir and Vass believed 
that 
observers to believe that these tumors were 


some of the factors which led earlier 


carcinosarcomas were marked anaplasia of 
carcinoma cells resulting in a spindle-shaped 
variant; chronic inflammation producing 
marked connective tissue and lymphocytic 
ae 


* References 2 through 6. 
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News and Comment 


ANNOUNCEMENTS 


VIIth International Congress of Comparative Pathology.—Under the presidency of 
Professor Fluckiger, director of the Federal Veterinary Office, the VIIth International Congress 
of Comparative Pathology will be held in Lausanne from May 26 to 31, 1955. 


\ccording to the program, the opening session will take place the first day, at 4 p. m.; a 
reception by the president of the Congress shall follow. During the scientific meetings, reports 
followed by discussions will be presented on “viral diseases transmitted to man by animals” 
(ornithosis in pigeon, psittacosis), “atmosphere pollution” (in modern cities; radioactive, can- 
cerogenic, industrial dusts; atmosphere and dissemination of phytopathogenic germs; toxicity 
of fog), “growth disturbances in comparative pathology” (vitaminic and alimentary deficiencies, 
tumoral diseases). The lecturers are international scientific authorities and they will give 
information and facts of the highest interest. The day of May 31 is reserved to the final session 
and to the different communications. The lectures and discussions will be published in a report 
of the Congress. Volume I of this report will be published before the opening of the Congress. 

On Sunday, May 29, a trip to Evian and a scientific meeting with the “Société Médicale 
d’Evian” are planned. The trip by boat and the cocktail-dinner followed by an evening party 
at the Casino will bring a somewhat social note to this meeting. 

Official dinners and evening parties will bring together the members and the guests of the 
Congress. Visits to scientific institutes, slaughterhouses, and centers of agricultural researches 
are planned. A scientific and technical exhibition will be open in the Congress premises. Excur- 
sions in the neighboring country and the whole of Switzerland will be organized during and 
after the Congress. 

Anyone interested in comparative pathology problems may take part as active member to 
the Congress. The fee for the membership card is 60 Swiss francs (including the official report 
of the Congress). Persons not giving a lecture and not taking part in the discussions can be 
enlisted as associate members. With the associate member card they may attend all the meetings ; 
the fee for this is 35 Swiss francs. 

The General Secretariate in Lausanne, 19 rue César Roux, holds at the disposal of interested 
persons programs in French, English, German, and Italian. For further information please 
refer to the General Secretariate which shall also accept registrations. 
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DESCRIPTIONS IN PATHOLOGY 


Avoiding Pathological Descriptions 


ROBERT W. PRICHARD, M.D., Winston-Salem, N. C. 


URGICAL house officers tie knots, and 
budding psychiatrists spend much time 
But 
one find similar practice in description, a 


capturing ideas in words. where can 
daily chore for the pathologist, in the pathol- 
ogy training programs?’ Although we deal 
in ideas and convey them with words, it is 
hard to find much in the books and journals 
devoted to pathology concerning the tech- 
nique of description. There is a great deal 
of information available on the technique of 
autopsy performance, less on the handling 
of surgical specimens, and almost nothing 
on description itself. It is apparently general 
opinion that physicians training in pathology 
have sufficient command of composition and 
vocabulary to do a creditable job of recording 
in words what is found grossly and micro- 
scopically, but sample readings from any- 
one’s department will probably change this 
opinion. Not infrequently one will hear 
pathologists complaining to one another that 
clinicians fail to read their descriptions, and 
call them up about details which they have 
embedded in their reports. How many clin- 
icians (or pathologists) have the soul and 
the stomach to read what we grind out in 
In this 


brief communication an outline of one man’s 


haste and fail to repent at leisure? 


technique of description will be presented 
with the full realization that this is just one 
man’s opinion. Style is too personal to fit 
hard-and-fast rules, 

From the Department of Pathology of the Bow- 


School of Wake 


Pathol gy of the 


man Gray Medicine of Forest 
College and the Laboratory of 


North Carolina Baptist Hospital 
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For the technique of doing autopsies the 
standard 
works on the subject, as he is in the handling 


reader is referred to one of the 


of surgical specimens. Two of the current 
works on autopsy technique * contain a few 
paragraphs on description, and it is men- 
tioned in a work on surgical pathology. A 
book devoted to postmortem descriptions 
does not deal with description itself. This 
paper deals only with description. 

The recording of pathological material in 
words is not a literary exercise, but a utili- 
tarian method for the preservation of certain 
features of gross and microscopic examina- 
tion. Despite its humble nature, it should be 
concise, grammatical, and, especially, pre- 
cise. No interpretation should appear in 
descriptions, and it is theoretically possible 
for a person with a command of the language 
to describe perfectly a surgical specimen or 
an autopsy, although he knows nothing of 
its significance. The time such a task would 
require of the untutored would be great, and 
special knowledge permits a rapid choice of 
words. If description and interpretation are 
intermingled, the total value of the effort de- 
clines rapidly; their separation is hygienic, 
forcing the observer to check himself and 
to cast the scales of preconceived diagnosis 
from his eyes. The power of the latter should 
not be underestimated. For a thousand years 
anatomists saw pores in the interventricular 
septum of the heart because they believed 
Galen, and he said pores were there. One 
good way to foster this objectivity in gross 
description, until experience makes it second 
nature, is first, to look the material over, 
then, describe it as it is gone over a second 
time, and, finally, read the description back 
to oneself as the material is scanned again 
to see if what is described can be demon- 


eee 


* References 1 and 2. 
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strated. The practically universal convention 
of putting descriptions in the present tense 
recognizes the necessity of immediate objec- 
tive description. 

Brevity is not only the soul of wit but the 
sign of a mind in good training when it 
comes to descriptions in pathology. The be- 
ginner, who must grope for words which he 
wishes would roll off his tongue, stuffs his 
descriptions full of sentences such as, “When 
the uterus is opened, it is seen that a polypoid 
projection of endometrium is present, which 
when lifted up is seen to attach to the right 
cornu.” As the final word is reached, one 
has either lost the reader or bored him. One’s 
audience is only rarely interested in the 
mechanics of dissection; they look for one’s 
findings and know full well that the uterus 
The 
sentence would be more readily digestible as, 
“A polypoid endometrial projection is at- 


had to be cut open to see inside it, etc. 


tached to the right cornu.” It is hard to carry 


such trimming too far. It is my own view, 


opposed by some of my colleagues, that it is 


also superfluous to precede weights and 
measurements by confession of the act, e. g., 
“The thyroid weighs 22 gm. and measures 
5.0 3.0 1.0 When 


weight or measurement, res ipsa loquitur, as 


cm.” one records a 


our legal confreres would say. In the same 
vein, it is not a matter of taste to point out 
that it is sheer redundancy to follow a state- 
ment of color by “in color,” as, “The tissue 
What else would it be blue 


in? We are not given to describing the mood 


is blue in color.” 
in which we find tissue. 

The ends of brevity are best served if one 
launches at a description with an outline of 
what one will say in mind. For the beginner, 
a moment of sober reflection before the 
mouth is opened, or the pen moved, is in 
order. As I intimated previously, the be- 
ginner is anxious to clear the air with a 
mighty stroke and, in describing things, he 
often does the “stalling” which ignorance 
makes necessary by adding a lot of nonessen- 
tial words. For example, when one begins 


to describe the general appearance of a ca- 


daver, one should have a mental outline of 
the 
nourishment, length, approximate weigit and 


features to be recorded—development, 


age, race and sex—all in the first sentence. 
With this outline in mind, and in most other 
instances it is not so obvious, it is safe to pro- 
ceed. In the description of most organs, a 
useful outline is an anatomic one, with the 
features of each organ described as they 
would be encountered in anatomic dissection. 
The usual procedure followed with various 
organs is discussed in standard works on 
technique. 

Having the outline of what one is to say 
in mind, the next hurdle is the choice of 
adjectives to express it, the nouns being 
fairly easy to come by. One must plead for 
the abandonment of poetry. A fairly small 
stock of lean and fit adjectives should be 
collected and cherished from the first days 
one is in pathology. The bulk of them should 
be common parlance in the medical world, 
and the remainder, the best of the newer 
terms which represent a real advance in com- 
munication. 
of the 


less trade stand-bys, like 


\ few words may be used out 


common run which are nonethe- 


“ortimous” and 


“whorled,” while such aberrant terms as 


“cerise,” “heliotrope,” and “frustums of 
cones” are hardly meaningful to the average 
reader. The foregoing remarks apply prin- 
cipally to gross description, a field in which 
one’s auditors usually consider themselves 
as competent as the pathologist. In the case 
of microscopic description, the general medi- 
cal reader expects a steady diet of specialized 
words (hence usually does not read it). For 
our purposes the matter of a choice of words 
will be discussed under the headings of size, 
shape, color, consistency, and special fea- 
tures, all applying to gross descriptions pri- 
marily. Microscopic descriptions will be 
dealt with separately. 

Size is conveyed to the reader by weight, 
lineal measurements, and occasionally vol- 
ume. Experience is the best guide in a given 
instance, and a good starting point for the 
beginner is a standard work on autopsy tech- 
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nique. Size strikes different people in dif- 
ferent units, but there is some standardiza- 
tion in pathology. Generally, organs having 
a variable or nondescript outline are quanti- 
tated for the reader by weight. For example, 
there is no point in measuring the length, 
breadth, and thickness of a lung, since it 
wide limits in the 


varies within 


normal ; 
this organ is universally thought of in terms 
of weight. On the other hand, an amputated 
extremity would raise the question of length 


in the reader. The heart demands weighing 
and thickness of its 
chambers so that the distribution of weight 


may be judged. 


measurement of the 


Following is a list of mini- 
mum accepted units of size for various or- 
gans (“measurement” indicates linear meas- 
urement ) : 


Heart: Weight, thickness of chamber walls, cir- 
cumference of valve rings 

Lungs: Weight 

Gall bladder: Length, maximum diameter, thick- 
ness of wall, volume of contained bile 

Spleen: Weight 

Stomach: Note as normal, decreased, or dilated, 

which are really diagnoses but are the only 

intelligible comments owing to lack of generally 

known standards. In surgical specimens, length 

along the lesser and greater curvatures 


Small and large intestines: Same as stomach, 
with maximum diameter of any dilated or con- 


stricted portion 


Appendix: Length and diameter, thickness of 


wall 

Kidneys: Weight, and usual three dimensions 
if abnormalities of outline exist 

Urinary bladder: Nothing of it per se, but height 
above symphysis should be measured or pres- 
ence below symphysis noted. Thickness of wall 
may be measured optionally 


Prostate: Weight, whether it is the whole gland 
or transurethral “chips” 


Weight 


Over-all measurements of height, width, 


Testes 
Uterus 
and thickness, the last two the maximums; wall 
thickness, diameter of pars vaginalis and os, 
depth of cervical and uterine cavities 


Uterine curettings: Volume in milliliters, esti- 


mated or measured 


Ovaries: Length, width, and thickness, all maxi- 


mums 
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Uterine tubes: Length and greatest diameter 


Thyroid: Weight and greatest diameters of any 


nodules present 


Parathyroids: Weight 


Adrenals: Weight and, if abnormal, the measure- 


ments stripped of fat. Greatest diameter of 


nodules 


Pituitary: Weight and measurements 


Brain: Weight. Same for removed 


portion, if of significant size 


surgically 


Spinal cord: Length, diameter maximums in 
various regions, weight 
Eyes (surgical or autopsy): Diameter of globe, 

depth of chambers 
Fragments of intervertebral disc: Weight 
Skin ellipses: Length, maximum width, thickness 
of subcutaneous tissue, nearest resected margin 


when a focal lesion is present on the surface 


Breasts: Dimensions of skin ellipse and greatest 


dimension of attached tissue 

Extremities: Length 

Nondescript portions of various tissues (cortical 
biopsies, hernia sacs, hemorrhoids, etc.): A 
variety of approaches is used. The favored ones 
are a statement of the number of fragments, 
three-dimensional measurements of the largest 
piece, weight of the largest piece or an aggre- 
gate weight of all 

Above all, one does well to avoid calling 


‘ 99 66 


things “small,” “large,” “shrunken,” or “‘en- 


larged,” where possible. Such decisions 
should be made, of course, but they are ex- 
pressed best in the diagnosis or discussion. 
An objective expression of size is a fact, to 
be doubted only by questioning fundamental 
things about the observer. Later observers 
may take issue with the interpretation while 
finding the facts useful; as Buttercup said, 
“Things are seldom what they seem.” 
The shape of organs and other specimens 
is frequently assumed to be normal when it 
appears so to the observer, and many de- 
scriptions omit this quality of a specimen 
entirely. I think this is often justified, but it 
never harms to make that decision for the 
reader by saying, “of the usual shape,” or 
something similar. This is not interpretation ; 
there is no need to recapitulate the history 


of liver anatomy in every description of a 
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liver, and one has a right to assume a mini- 
mum background of knowledge in things 
written for a special audience; any other 
attitude would be absurd. When the products 
of disease or surgery are encountered, it is 
well to summarize the shape of things in 
statements, such as “roughly spherical” or 
“approximately rectangular,” rather than 
trying to picture it completely in a group of 
complex phrases, since the power of words 
this 


description that otherwise sound efforts fail 


] 


is limited. It is often in part of the 
for lack of a brief period of quiet contem- 
plation 

Color should be a fairly simple matter, 
but occasionally it is dealt with unthinkingly. 
The matter of unusual color terms has been 
touched on, and also the redundancy of 


referring to colors as colors, as though they 


would be used in any other sense in pathol- 


ogy. The reverse is true; the practice of 
decorators and paint manufacturers of refer- 
ring to certain yellow-white paints as “egg- 
shell” and similar weddings of things and 
their colors are to be deplored in pathology. 
someone who 
the 


Several years ago I heard of 


Ss 


considered the abandonment of usual 
names of colors for a systematic chart of 
This 


seems to me in the nature of casting pearls 


colors to be referred to by number. 
before swine, since the matter at hand prob- 
ably does not need such magnificent quanti- 
tation. 

Consistency requires only a small vocabu- 
lary. Soft, hard, firm, and resilient are useful 
basic terms, to be modified by slightly, mod- 
erately, or markedly. Others are fluid, com- 
pressible, and plastic (in the literal sense of 
being capable of shaping by deformation). 
This is a good area in which to avoid descrip- 
tion by comparison, as dealt with in a later 
paragraph 

Special features of organs are usually the 
products of disease and their anatomic loca- 
tion is the first point in describing them, 
where that is possible. They are then dealt 
with as specimens in themselves, using the 


general principles being discussed here. 


Microscopic description is probably not as 
complex as gross description for the begin- 
ner. The fundamental need is an outline of 
what is to be said. The terms are moderately 
standardized in pathological histology and 
are derived from one’s teacher and a general 
knowledge of pathology. A good outline is 
one which follows the microscopic anatomy 
of the tissue, when it is discernible, focusing 
initially on pathologic changes. In the case 
of complete replacement of normal structure, 
the parallel approach of description of the 
over-all pattern is followed by details of 
cytology. Finally, in either case, comes de 
scription of special features and occasionally 
an account of reactions with special stains. 
\n example of a microscopic description of 
a basal-cell carcinoma of the skin illustrates 
a description in an instance where appre- 
ciable normal tissue is present: 


Che upper central portion of the dermis is occu- 


pied by nests and anastamosing strands of cells, 


whose peripheral portions are palisaded. The adja- 
cent dermal collagen is compressed in some areas, 
and in others is replaced by amphophilic material. 
The cells composing the nests are uniform, with 
hyperchromatic round nuclei roughly the size of 
small lymphocytes and scanty, poorly distinguished, 
faintly basophilic cytoplasm. Mitoses are rare. The 
skin surface is unremarkable. Normal dermal struc 
lateral margins and unre- 


tures are present at the 


markable fibroadipose tissue below. 


\n instance in which normal structure 
does not furnish a guide is a microscopic 
description of a biopsy specimen of a glio- 
blastoma multiforme: 


The major portion of the tissue is composed of 
pleomorphic cells without definite arrangement and 
areas of necrosis with prominent palisading of cells 
at their margins. Blood vessels, frequently thick- 
walled, are numerous. A small number of axons, 
with associated astrocytes, blend with one portion of 
the tissue. The cells mentioned above range from 
1 to 10 times the diameter of an erythrocyte. Their 
cytoplasmic outline is usually poorly defined, and the 
nuclei form roughly 60% of the total mass. Indi- 
vidual nuclei are irregularly oval or round, with 
moderate amounts of chromatin and frequent nucle- 
oli. Mitoses are focally numerous, and often atypical. 
The cytoplasm is slightly to moderately eosinophilic. 
In the phosphotungstic acid hematoxylin preparation 


occasional cells have irregular fibers. 
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One matter which deserves special atten- 
tion has been purposely avoided above. That 
is the serious one of where to get one’s 
supply of words. A teacher of niine said that 
after he had been in pathology for a few 
months he found himself rapidly losing ap- 
petite and weight. Considering the matter, 
he soon realized that he had been describing 
foul and loathsome specimens as “like a 
tomato,” or “filled with a material resembling 
pea soup,” and so on ad nauseum. He re- 
that, had 


rumor), he 


solved even if Virchow’s father 


been a grocer (an unfounded 
was not so poor in his native tongue and 
limited in experience of the world as to draw 
all his descriptive terms from the table. | 
share his sentiments completely. It certainly 
is poverty of intellect which makes one fall 
back on such terms, or sheer laziness. A 
concise statement of fact is preferable to an 
example. Many people have pointed out, 
furthermore, that the wide variation in fruits, 
vegetables, etc., makes descriptions of things, 
as “the size of an orange,” hazardous, since 
one never knows from whence the orange 
comes. To La Fontaine, who said, “Example 
is a dangerous lure; where the wasp got 
through the gnat sticks sure,” I doff my hat. 

Another aspect of description which does 
not fit conveniently into any of the categories 
above is that of making up one’s mind for 
the audience. Statements such as “the probe 
apparently stops at an obstruction in the 
lumen” are aggravating. If the examiner can- 
not tell whether it is obstruction, angulation, 
or his own squeezing that stops the probe, 
who can? The audience is not interested in 
one’s troubles. If the matter is an insoluble 
one, such as the true nature of clusters of 
poorly differentiated cells composing a tu- 


mor, they should be described, diagnosed as 


such, and then a comment made as to pos- 


sibilities; the description should be spared 
cries of frustration. The disease of indecision 
is manifested in other ways in descriptions. 
In a desire to leave no stone unturned when 
a matter is in doubt, things are often de- 
scribed in painful detail and statements quali- 
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fied in one way after the other until the whole 
description sinks into a morass of conjunc- 
tions and adjectives. One must start out 
boldly, realizing that it is practically impos- 
sible to describe all the variations seen and 
that an adequate compromise is to strike a 
happy medium and describe what is neces- 
sary to convey the essential observations and 
one’s chain of thought. To do otherwise is to 
share the same uncertainty that makes the 
beginner anxious to identify every last cell 
he sees in sections. 

A subtle polluter of descriptions is re- 
dundancy. A common example, aside from 
those cited above, is the use of “cut section.” 
Section means to cut, and, further, everyone 
knows one did not chew the specimen apart 
or tear it. Properly, such statements are 
begun in one of several ways, as, “The sec- 


” 


tioned surface is gray-blue or “On 


section viscid yellow material ... .” 
Certain terms have been abused beyond 
belief over the years. Dr. Rabson * has dealt 


handily with “round cells,” a fine example of 
loose usage. All manner of cells are round, 
and, when one wishes, for example, to de- 
scribe the cells in an exudate, they should be 
cited for what they are, lymphocytes, plasma 
cells, macrophages—all have round nuclei 

and not for the shape of their nucleus. Lesion 
is another long-suffering word; like the top 
of a pole, it cannot stand alone. Webster 
defines it as any morbid change in the struc- 
ture of organs or parts, and it is a useful 
term when properly applied. As an example, 
consider a skin ellipse bearing an ulcer. If 
. em. with 


\ skin ellipse. . 


it is described as * 
a lesion 1.0 cm. in greatest dimension .. . ,” 
one knows nothing about the “lesion,” since 
it is not a specific term. Properly, it should 


“A skin ellipse . . 


a central crusted red-black area 


be described as . em. with 
1.0 cm. in 
greatest dimension ... ,” after which specific 
description it is proper to make other state- 
ments referring to the ulcer as “the lesion,” 
since the morbid change has been described. 


There are many other examples of insensi- 
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tivity to words, which a small amount of 
insight will reveal, without laboring the point 
here. 

Describing description soon arrives at the 


point where diminishing returns are in evi- 
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ANNOUNCEMENTS 
John Lucas Walker Studentship. 


Studentship, the holder of which shall devote 


Applications Lucas Walker 


himself to whole-time study and training for 


are invited for the John 


Pathology. Applications should be sent, accompanied by testimonials and references, 
Prof. H. R. Dean, Department of Pathology, University of 


gland, to whom also application for further information regarding the 


research it 

ot later than June 1, 1955, to 
Cambridge, Cambridge, E: 
Studentship may be addressed. Persons of either sex may be candidates. The Studentship shall 
be tenable for three years and shall be of such annual value, not exceeding £500, as the Managers 
shall, from time to time, determine. 


GENERAL NEWS 
Lecture by Dr. Edith L. Potter.—Dr. Edith L. 


talked before the Rochester Academy of Medicine, on April 5, on the subject of Recent Studies 


Potter, of the University of Chicago, 


of Neonatal Mortality. 

Caldwell Award to Dr. Paul Brindley.—The Texas Society of Pathologists has recently 
awarded the Caldwell Award posthumously to Dr. Paul Brindley, former Professor of Pathology, 
University of Texas Medical Branch, Galveston. This Award is named in honor of the late Dr. 


Caldwell, who was Professor of Pathology at Baylor University College of Medicine 
Award is to 


George T 
and the University of Texas Southwestern Medical School. The purpose of the 
honor distinguished scientists of the Texas Society of Pathologists in recognition of long and 


distinguished service to Pathology in Texas. 


Philadelphia Award to Dr. Esmond R. Long.—The many friends of Dr. Esmond R. 
Long will rejoice at the news of receiving the Philadelphia Award in Philadelphia, on March 11. 
This award, frequently described as Philadelphia’s Nobel Prize, was founded by Edward W. 
Bok, in 1921, and is accompanied by a cash gift of $10,000. The principal address was given by Dr. 
\lan Gregg, Vice President of the Rockefeller Foundation, and the announcement was made by 
Dr. Alfred N. Richards, a previous award winner. The award was given in recognition of Dr. 
Long’s long service as Director of the Phipps Institute for the Study, Treatment, and Preven- 
tion of Tuberculosis, of the University of Pennsylvania, and for his many contributions to 
humanity 


DEATHS 


Dr. Alwin M. Pappenheimer.—Dr. Alwin M. 
Pathology at Columbia University, died Feb. 21, at the age of 76. 


Pappenheimer, Professor Emeritus of 
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Scientific Exhibits 


SYSTEMIC MYCOSIS IN ANIMALS 


Armed Forces Institute of Pathology, Washington, D. C. 


LIEUT. COL. T. C. JONES (VC) 
AND 


CAPT. JAMES R. PRINE (VC), U.S. A. F. 


YCOTIC diseases cause death or disability in a wide range of domesticated 
and wild animal species. The control of other granulomatous diseases, such 
as tuberculosis, and improved diagnostic methods are bringing fungous diseases 
into prominence. Animals and man sharing the same environment may also share 
the same infections, but direct transmission of the causative agents from animal to 
man appears unlikely. 
a 
Shown as a scientific exhibit of the Section on Pathology and Physiology at the 103rd Annual 


Meeting of the American Medical Association, San Francisco, June 21-25, 1954. 
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Obituaries 


S. BURT WOLBACH, M.D. 
1880-1954 


S BURT WOLBACH’S distinctive achievements in the field of Pathology are 
e representative of his many-faceted character, both as a scientist and as a man. 
To catalogue them would indeed be a difficult task, and one that might give an 
image marked by spherical aberration of what was, in reality, a very complete and 
well-integrated pathologist. Preeminence could be given to his characterization of 
the nature and genesis of those vitamin deficiency states that engaged his attention 
in the last thirty years of his professional life, or to his original contributions in 
the field of the rickettsial diseases. It would be equally easy to stress the value 
of the impact of Dr. Wolbach’s teaching on his students or of his successful cor- 
relation between the principles and the practice of pathology. His ability to differ- 
entiate essence from attribute, his keen observation, and flawless technique marked 
him as an investigator. The skill and enthusiasm with which he conveyed ideas to 
pupils, stimulating their curiosity and firing their zeal, distinguished him as a 
teacher. His honesty, tact, and wisdom contributed to his excellence as an admin- 
istrator and as a constantly consulted adviser to both his pupils and his colleagues 
on the faculty or in the hospitals. 

Many influences worked toward the molding of his career and of his character. 
That he was a child of the Western Plains, with their almost limitless horizons, 
seemed to give him breadth of vision. Born in Grand Island, Neb., July 3, 1880, 
he grew up among a sturdy pioneer folk, with a flair for colorful adventure and 
rigorous enterprise obvious when he was still a boy. He learned to ride with 
admirable poise, to shoot with accuracy, to tell a tale with humor and gaiety. 
He knew and loved his surroundings, the wild fowl that inhabited the marshes, 
and the game birds that were found in the sagebrush. Upon this boyhood back- 
ground were implanted the seeds of a more traditional culture, that of New 
England. Here he found rigorous mental disciplines and opportunities to enrich 
himself, both intellectually and emotionally, through contacts with minds and 
personalities that equaled his in vitality. 

It was during his student days that he carried out his first research under 
the inspiration of the first professor of bacteriology at Harvard Medical School, 
Harold Ernst. In 1903 he graduated from Harvard Medical School and was 


apprenticed to two great pathologists, William T. Councilman and Frank B. 
Mallory. He joined the Harvard Medical School teaching staff in 1905, rose from 


instructor in Bacteriology to Shattuck Professor of Pathological Anatomy in 1922. 
He acted as Pathologist-in-Chief at several Boston hospitals (his association with 
The Children’s Hospital and the Peter Bent Brigham Hospital loomed the largest 
among these appointments). He contributed actively and significantly to medical 
research, directed a department, stimulated innumerable students through lectures 
and discussions, and, after becoming Professor Emeritus, continued his active career 
in investigative work as Director of the Division of Nutritional Research at The 
Children’s Medical Center and the Children’s Cancer Research Foundation. 
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In 1914 he acquired a New England wife, Anna Wellington, a woman whose 
vigor expressed itself in her devotion to him and to the three sons she bore him, 
in her public spiritedness, and in the matchless perfection with which she presided 
over his household. To his family and to his home, which overlooked the lovely 
Sudbury valley, he was fervently devoted. There he spent happy hours, many 
of them in the company of colleagues and friends who will continue to remember 
him as an extraordinarily charming host and an intellectually captivating com- 
panion. There, too, he could express his devotion to the pastime that meant so 
much to him, his love of riding and of horses. Of the latter there were many, 


some gentle and suited for leisurely rides over quiet country lanes where a wood 


duck or a scarlet tanager would arrest his attention, some spirited and adapted 


to the exhilarating and sometimes exhausting drag hunts that delighted him. 


S. BURT WOLBACH, M.D. 
1880-1954 


lhe New England atmosphere was diversified by frequent camping trips to 
Quebec on the shore of his beloved Jeannotte River, where the grouse or trout 
challenged him. Here his intimates knew him with his defenses down, the austerity 
of the professor exchanged for the genial warmth of the perfect out-of-doors 
companion. 

Then, there were those more scientific excursions of his younger days, where, 
again, in the spirit of high adventure, he attacked trypanosomiasis and rickettsial 
diseases in the Gambia, in Mexico, in the Bitterroot Valley, and in Poland. 

In his career as an investigator, the field of infectious disease first aroused 
his interest. As early as 1903, the year that he graduated from Harvard Medical 
School, he was remarking on the pleomorphism of the tubercle bacillus and the 
variations in form brought about by changes in culture media. From that date 
until 1922, when his published articles indicated a new direction in his investiga- 
tional trend, viz., the problems relating to vitamin deficiency and excess, he made 
multiple and distinctive contributions to the knowledge of infectious diseases. 
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His preoccupation with trypanosomes, stemming from his expedition to the 
Protectorate of the Gambia in 1911, consumed two years of work. His attention 
was then directed to other major problems: the elucidation of the pathogenesis, 
transmission, and morbid anatomy of Rocky Mountain spotted fever and typhus. 
These highlight his investigations until 1922. There were, of course, less significant 
papers published, those dealing with case studies, those with methodology, and 
those with infectious agents other than trypanosomes or Rickettsia. All of these 
reveal the keenness of his observations, his critical ability, and his interpretive 
insight. 

One remarkable paper that cannot be placed into any of the categories mentioned 
above deals with the pathological histology of chronic x-ray dermatitis and early 
X-ray carcinoma. This paper, appearing in 1909, when the author was just 
approaching thirty, gives a beautifully lucid description of the reparative process 
in skin, emphasizes that the origin of the multiple carcinomata of chronic x-ray 
dermatitis resides in primary connective tissue changes and the attending dis- 
turbances of physical and nutritive conditions, and thus gives a_ reasonable 
explanation for the long, latent period between exposure and the appearance of 
malignant alteration. 

His study of trypanosomiasis, both in the Gambia and at Harvard, was a 
thoroughgoing piece of work which had important clinical, public health, and 
scientific aspects. It emphasized gland puncture as the most effective diagnostic 
procedure ; it suggested public health measures for the control of the disease, and 
it demonstrated (by good staining methods) that the lesions of trypanosomiasis 
were due to the trypanosomes, and it pointed out numerous analogies between this 
disease and syphilis. With characteristic honesty, however, he states, “We have not 
been able to make any substantial contributions to the pathology of trypanosomiasis.” 

This was not true with regard to Rocky Mountain spotted fever and typhus, 
a fact that he recognized with equal candor. Although Howard Taylor Ricketts 
had previously demonstrated the tick transmission of the former disease and 
described some forms of the agent in ticks, it was Wolbach who unequivocally 
implicated Dermacentroxenus rickettsi as the causative agent of Rocky Mountain 
spotted fever. Incorporated in the monograph on this disease, appearing in the 
Journal of Medical Research in 1919, are detailed clinical and pathological descrip- 
tions which have not been modified substantially or expanded by more recent 
work. It includes careful studies of the tick as a biological transmitter of the 
disease and describes the characteristics of the etiologic Rickettsia and—perhaps 
most important of all—demonstrates the unique ability of this organism to parasit- 
ize and distend nuclei in tick tissues. Thus he provided the suggestion that the 
Rickettsia might be the missing link between bacterium-like micro-organisms and 
certain viruses which multiply within nuclei. His failure to grow rickettsiae in 
cell-free media led him to speculate as to the relationship between the cells of 
the host and intracellular parasites. He thus anticipated, as early as the mid- 
twenties, the concept of the obligatory use by intracellular organisms of the 
enzymatic mechanisms of their host. 

In the Harvey Lecture of 1921 on “Typhus and Rickettsia,” some important 
statements are made that demonstrate his manner of thinking about disease proc- 
esses. He says: “In tissue reactions we find evidence for classification or the 
grouping of diseases and from them may sometimes predict the probable nature 


of the exciting agent. Our knowledge of histopathology is now sufficiently com- 
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plete to warrant the formulation of a few criteria for prediction. | was almost 
tempted to say laws—but I shall say invariable histological sequences.” This 
statement illustrates his dynamic approach to the study of morphological material, 
which profoundly influenced the thinking of his many students. 

One cannot conclude a review of the infectious disease period in Dr. Wolbach’s 
career without mentioning an important paper (written with Channing Frothing- 
ham) on “The Influenza Epidemic at Camp Devens in 1918.” This experience 
remained a vivid one. His pupils heard the story of Camp Devens over the years— 
the urgent summons by “Popsy” Welch and obligatory delegation of his teaching 
duties to others, the arrival at a railroad station piled high with coffins, and the 
entrance into a mortuary crammed with the bodies of soldiers, dead of the 
epidemic. Some of the conclusions arrived at in this report were indicated in an 
early paper that appeared in 1919 on this same subject, where he says, “It is 
extremely difficult to account for the epidemiological features of this pandemic if 
we accept the Bacillus influenzae as the cause.” Further study of the pathological 
material led him to implicate a virus as the etiologic agent responsible not only 
for the febrile reaction and general toxic symptoms and involvement of the upper 
respiratory tract but also for the lung lesions “which we believe are pathognomonic 
for this disease.” He also gives a very clear explanation of the manner of formation 
of the hyaline membrane in alveolar ducts and alveoli. 


It is, however, in the field of vitamin research that one sees full fruition of 


his interpretive insight and his mature judgment. His interest in vitamins was 
first stimulated by his association with Percy Howe, of the Forsyth Dental 


Infirmary and Harvard Dental School. Dr. Howe’s ability to produce deficiency 
states in the experimental animal, as he phrased it, far outstripped his capacity 
to interpret them. It was Dr. Wolbach who was able to give meaning to their 
appearance. In the words of one of his students: “Although classified professionally 
as a morphological pathologist . . . \Wolbach’s thoughts and vision carried him 
far beyond morphology and far beyond pathology. While many of his contempo- 
raries were content to describe what they saw through the microscope, he had 
an abhorrence for the purely descriptive and was not content until he could 
understand and summarize, in almost a single sentence, the basic process involved 
in a morphological change.” Thus, his characterizations of the deficiency states 
due to vitamin-C and vitamin-A deprivations are marvels of clarity and under- 
standing. In scurvy, he showed that what appeared to many to be lesions of 
multiple character is essentially the failure of a single process, the inability of 
mesenchymal cells to lay down intercellular substances. 

In vitamin-A deficiency, he pointed out that there is loss of specific (chemical ) 
functions of the epitheliums concerned, while the power of growth becomes aug- 
mented, thus resulting in a keratinizing metaplasia, and that the nervous lesions 
of this deficiency are of purely mechanical origin, the genesis of which is a dis- 
proportionate growth of the central nervous system in relation to the bone which 
surrounds it. Surprisingly enough, these characterizations of vitamin A and 
vitamin C were not the result of long association with these problems but appeared 
early in his career as investigator in this field. 

The value of vitamin deficiency experimentation as a biological research method 
was stressed by him in 1937 in a paper by that name appearing in Science. In 
repair from vitamin deficiencies “released activities for a time proceed at a rate 
greater than the normal,” hence can be studied with greater ease and seen with 
more certainty. “Details of growth of bone, for example, are easier to follow than 
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in the normal because of the rapidity of processes and the accurate correlation 


“ 


in time that is possible.” Whereas he recognized that “only the obvious morpho- 
logical consequences of the vitamin deficiencies” had thus far been studied by 
“simple techniques,” “minute cytological studies will probably bring to light 
much new information of value.’ He believed that experimental scurvy and rickets 
could “offer to the combined attack of biochemist and pathologist the best approach 
to urgent problems in the physiology and pathology of intercellular substances 


and in particular collagen.” The concluding remarks in this thought-provoking 


paper indicate how much the concept of invariable histological sequences guided 
him in his approach to problems. He says, as follows, “For the how of vitamin 
deficiency consequences, demonstrated morphological sequences only can be offered ; 
for the why, retreat to two refuges or expedients I have long employed in teaching 

certain invariable histological sequences in pathology and the conviction that 
all pathological processes subsequent to injury recapitulate normal events of 
growth.” 

The paper, “Tissue Changes in Vitamin Deficiencies,” written with Otto A. 
Sessey and published in Physiological Reviews, in 1942, gives proof of the fulness 
of Dr. Wolbach’s knowledge in this field and points out profitable directions to be 
followed in future avenues of investigation. Here his interpretation of the morpho- 
logical consequences of vitamin-A excess, a subject that intrigued him to the end 
of his days, is foreshadowed. This was given expression in 1946, in the Hektoen 
Lecture, which dealt with vitamin-A deficiency and excess in relation to skeletal 
growth. The essential role of vitamin A in epiphyseal growth sequences and, 
therefore, in endochondral bone growth sequences by excessive vitamin A are 
emphasized, and he concluded that “the pattern of bone growth is determined by 
epiphyseal cartilage activities for which vitamin A is as essential, apparently, 
without the intermediation of other organs, as it is in vision.” In order to put 
this last statement to test he experimented with endocrine-ablated animals and their 
responses to excessive vitamin A. The direct action of vitamin A on skeletal growth 
was substantiated in all of these experiments. 

A subject that continued to interest him throughout his long career as investi- 
gator was the problem of the production and maintenance of intercellular sub- 
stances, particularly collagen. This he expressed in various ways: by his work in 
scurvy, by his interest in the problems of aging, and by his stimulation of a 
number of his students to engage in research on problems related to collagen. 

His last published work, “Experimental Scurvy, Its Employment for the 
Study of Intercellular Substances,” written for the Lind Bicentenary Symposium 
in 1953, in Edinburgh, summarizes his conception of the value of this tool in 
experimental pathology. He states in this that “scurvy and repair” experiments 
may be useful for the study of such problems as (1) the differences in chemical 
composition of the various collagens; (2) the role of connective tissue, particularly 
skin, as a homeostatic mechanism; (3) the possibility of the formation of an 
irreversible compound of ground substance and collagen and its importance to 
the aging process, and (4) the responses of connective tissue to cortisone. This 
last he had already investigated and published in the paper on “Cortisone and 
Matrix Formation in Experimental Scorbutus and Repair Therefrom,” in 1952. 

His, therefore, was a long and brilliant career in the field of medical research, 
wide in its scope, useful in its positive contributions, and stimulating in its 
emphasis upon imaginative approaches to fundamental problems. But this by no 
means gives a complete picture of the man and his accomplishments. So much 
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could be said about his unique and gifted manner of teaching. He liked to sit 
down in the classroom and engage his students in a Socratic discussion on the 
broader aspects of pathology. His lectures were never didactic and never repre- 
sented the tedious rehashing of textbook material. They were up-to-date, alive, 
and always showed his ability to translate his sound morphological knowledge 
into newer biochemical and biophysical terms. They represented many hours spent 
in careful preparation, with frequent revisions to meet the newer interpretations 
that continuing research contributed. “One hour of lecture means eight hours of 
preparation,” was a remark that he made to one of the Fellows whom he had 
sponsored for membership in the Harvard Society of Fellows, an organization 
in which he was deeply interested. 

The smaller group of students, Fellows, and teaching staff, who worked with 
him both at Harvard Medical School and in the hospitals where he served as 
Pathologist-in-Chief, found their association with him a stimulating intellectual 
camaraderie. Nor was this relationship limited to science and medicine. Guidance in 
emotional as well as in more practical problems was given with magnanimity and 
wisdom. 

His knowledge of practical pathology was tremendous. He wielded an autopsy 
knife with flawless precision. He was known and respected for his insistence upon 
perfection in the preparation of histological material. Technicians who failed to 
live up to these standards were summarily dispatched ; those who succeeded in satis- 
fying him were accorded his respect and devotion, which they, in turn, gave him. 

His attitude toward Pathology was a far-sighted one. He did not decry applied 
pathology. He said, rather, “I regard it as a highly honorable specialty in Medicine, 
calling for great knowledge, courage and absolute honesty.” However, his concern 


was chiefly with the “science” of Pathology. Here, “methods of study should include 
all disciplines available for determining the reactions of living organisms to injurious 
agents—morphology, biophysics and biochemistry. Any answer to a problem in 
Pathology without correlation with the morphology accompanying the information 
elicited by other disciplines must necessarily be incomplete.” This correlation was 


insisted upon in any laboratory that was functioning under his guidance. Many a 


time he was heard to express dismay at the waste of valuable material by biochem- 


ists and physiologists, stressing how much an intelligent pathologist could have 
added to their interpretation of results on experimental animals. He believed that 
“the pathologist has at his command the means of physical dissection of cells and by 
creating specific deficiencies, the means of chemical dissection of cells,” and that 
“the true anatomy of life will be created when function in terms of biochemical sys- 
tems and morphology in terms of intracellular structures are brought together in 
demonstrable form.” 

His association with the ArcHives oF PATHOLOGY began with its inception, 
in 1926. He delighted in the fact that Volume 1, page 1, bore the names of S. Burt 
Wolbach and Percy R. Howe under the title “Intercellular Substances in Experi- 
mental Scorbutus.” His participation in the editorial direction continued until his 
death, in 1954. His devoted service did much toward guiding the policies of the 
publication in maintaining its high standards of excellence, as to both subject matter 
and illustrations. His insistence upon good photomicrography was proverbial. His 
right to thus insist was unquestioned, since he himself was a skilled photomicrog- 
rapher and had devised new techniques in this field. 
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Positions on boards and committees gave proof of his administrative perspicacity, 


but the demands that were made upon his time in such capacities, as well as from 
the standpoint of teaching, since he headed the Department of Pathology at Harvard 
Medical School from 1922 to 1947, were insufficient at any time to keep him from 
producing valuable original work. Those who knew him best marveled at this dedi- 
cation of spirit. Like Theobald Smith, he did his “research by stealth.” 

It seemed incomprehensible to him and to those who knew him best that so 
active and productive a career should end in retirement. Therefore, in 1947, when 
he became Emeritus Professor at the Harvard Medical School, he continued his 
work without interruption at The Children’s Medical Center, in the capacity of 
Director of the Laboratories of Nutritional Research, in the Division of Laboratories 
and Research. There he spent the last seven years of his life, happy for the most 
part in untrammeled efforts to further his research program. Much was done during 
these years, new ideas promulgated and tested, fresh minds stimulated, intricacies of 
pathologic diagnosis simplified, administrative tangles unwound. 

The final test of the greatness of his spirit became evident during those years 
when, as pathologist, he was forced to see the unfolding of a disease process with its 
fatal issue in himself. This he accepted with characteristic calmness and fortitude, 
at times even with humor. Only at rare moments were others aware of the suffering 
and anguish attending his final illness, and, when death came as it did, quietly, in 
sleep, March 19, 1954, the shock for all was great and the truth difficult to accept. 
To those who knew him, there remains a continuing sense of deep and irreparable 
loss. This is tempered by one of gratitude for having experienced an association 
with a pathologist, a physician, a teacher, and, above all, a human being who had 
developed to the full the talents with which he had been so richly endowed. 

This note incorporates the sentiments, ideas, and scientific evaluation contributed by former 


students, assistants, and colleagues of Dr. Wolbach. To them, the gratitude of the editors of 
this brief account of Dr. Wolbach’s career 


SipNeY Farser, M.D., and CuHaArtotre L. Mappocx, M.D. 





DAVID JOHN DAVIS, M.D. 
1875-1954 


HE SUDDEN and unexpected death of Dr. David John Davis brought real 
sadness to his many devoted friends, his colleagues, and his family. His devo- 
tion and his untiring efforts in the field of basic scientific research, education, and 
teaching gave him a commanding position in his profession. He was a meticulous 
teacher of students, well learned in the arts and literature, and was able to impart 


the zest for learning to his students and colleagues. Above all, his integrity, honesty, 


and humaneness inspired every one associated with him to search constantly for the 
good in man. 

Dr. Davis was born in 1875 and reared on a farm in Racine County, Wisconsin, 
where his parents were early settlers. As a student at the University of Wisconsin, 
he was inspired by his teacher, Prof. H. L. Russell, who had just returned from 
Europe with a vial of the newly discovered Koch’s tuberculin. In 1894, Dr. Davis 
was permitted to test this newly discovered tuberculin on the cattle on the Davis 
farm. About one-third of the animals tested were positive with the tuberculin test 
and were duly slaughtered. This event marked the beginning of tuberculous testing 
of cattle in Wisconsin and was the initial experience which prompted Dr. Davis to 
continue in research. Dr. Davis graduated from the University of Wisconsin with 
honors, Phi Beta Kappa, and in 1900 entered Rush Medical College, in Chicago. 
He received his degree, Doctor of Medicine, in 1903, and a Doctor of Philosophy 
Degree in Pathology and Physiology from the University of Chicago, in 1905. His 
thesis was on “Bacteriology in Whooping Cough.” He served his internship at the 
Presbyterian Hospital, in Chicago (1906-1907), and came under the influence of 
Dr. Frank Billings and, later, Dr. Ludvig Hektoen, and research in the infectious 
diseases was continued at the Memorial Institute of Rush Medical College. It was 
during this period that Dr. Davis demonstrated, for the first time in Chicago, the 
Negri bodies in the brains of humans and animals. He later demonstrated, by cultural 
methods, sporotrichosis from the skin, and this led further to investigation into 
fungus infection of humans. Probably the outstanding contribution in the field of 
research made by Dr. Davis was his study of streptococci from tonsils and alveolar 
abscesses. He injected the Streptococcus cultures into rabbits and produced a non- 
suppurative arthritis. While Dr. Davis was visiting in Freiburg, he demonstrated 
his experimental studies to Dr. Aschoff, who confirmed Dr. Davis’s investigative 
work in arthritis. In 1911, there was an epidemic of sore throats in Chicago, and 
Dr. Davis, with the assistance of his colleagues, as well as the cooperation of the City 
Health Department, made a survey of this epidemic and demonstrated that 85% of 
the victims of sore throats were using milk from one dairy and that the pasteuriza- 
tion plant of this dairy was inefficient and often not operating. Samples of milk 
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from every cow with mastitis in the dairy were cultured, and from one cow strepto- 


cocci were isolated which were identical with the cultures in the human infected 
throats. He further demonstrated that the girl milking the cow was suffering from 
a sore throat, that the organisms were identical with those obtained from the mas- 
titis in the cow, and that the organisms were transmitted by hand from the human 
to the cow. This distinctive organism was described later as “Streptococcus epi- 
demicus Davis.” At a later time Dr. Davis demonstrated that the influenza epidemic 
in the Chicago area was not due to the influenza organisms. 

In 1911 Dr. Davis became Pathologist at the St. Luke’s Hospital, in Chicago, 
and in 1913 he was appointed Chairman and head of the Department of Pathology 
and Bacteriology at the University of Illinois College of Medicine. Many students 


and graduate students came to Dr. Davis’s department and under his guidance they 


DAVID JOHN DAVIS, M.D 


1875-1954 


were inspired to become teachers and to do research, and many of these students 
today hold important positions in various universities in this country. Later, in 
1924, he was appointed Dean of the College of Medicine of the University of Illinois 
and for eighteen years served in this capacity, until his retirement in September. 
1943. It was during his long tenure as Dean of the College of Medicine of the 
University of Illinois that the greatest growth and development of the medical school 
occurred. He also integrated the teaching program for the three professional col- 
leges at the Chicago campus. 

Dr. Davis, from his college days to the time of his death, was deeply interested 
in history, as well as in literature and music. The D. J. Davis Lectureship in Medical 
History was established at the University of Illinois in his honor, when he retired as 
Dean of the Medical School. Until the time of his unexpected death, Dr. Davis was 
permanent historian for the Illinois State Medical Society. 
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Dr. Davis received many honors and awards during his lifetime. In 1902, he 
was elected to Alpha Omega Alpha, of Rush Medical College, and was a member 
of local and national societies in pathology and bacteriology. For ten years he was 
a member of the House of Delegates of the American Medical Association and was 
President of the Chicago Institute of Medicine, Chicago Municipal Tuberculosis 
Sanitarium, Chicago Pathological Society, Chicago Society of Internal Medicine, 
Chicago Historical Society, and many other local and national organizations. 

Dr. Davis was married in 1908. His two sons hold prominent positions in 
medicine and public health and have teaching positions in universities. Dr. Davis 
was a devoted husband and father, and with all the responsibilities he had as teacher, 


investigator, and administrator of a College of Medicine, he always managed to find 


time to be with his family. Dr. Davis died Dec. 19, 1954, at the age of 79 years. 
With all of his numerous accomplishments, he retained a modesty, simplicity, and 
integrity that endeared him to a host of friends and became an inspiration to his 


students and colleagues. S. A. Levinson, M.D. 





Books 


Fluoroscopy in Diagnostic Roentgenology. By Otto Deutschberger, M.D. Price, $22.00. 
Pp. 771, with 888 illustrations (523 figures). W. B. Saunders Company, 218 W. Washington 
Sq., Philadelphia 5, 1955. 

The author has selected an extremely ambitious task and has, in general, done a good, all- 
inclusive job of it. 

In Part I, which concerns itself with general descriptions and technical considerations, the 
chapters on the conventional fluoroscopic image and on the electronically amplified fluoroscopic 
image, as well as the chapter on foreign body localization, are very informative and excellently 
presented. They represent a collation of widely disseminated and generally technically compli- 
cated material made comprehensible. 

In Part II, “Clinical Considerations,” while the discussions on fluoroscopy of the pharynx, 
gastrointestinal tract, and female genital organs present well-accepted views and are satisfactory, 
the chapter on fluoroscopy of the chest, constituting over one-third of the total pages in the book, 
represents the most outstanding singie contribution of this publication. 

In his attempt to present fluoroscopic hazards in what he considers proper perspective, the 
author has minimized the real dangers. He approaches the problems in both ‘the technical and 
the clinical section in a manner which could be misleading to the uninitiated. Statistically the 
potential danger to personnel from the fluoroscope is greater than from any other x-ray unit. It 
must be pointed out that there is no “X-ray Tolerance Dose”; maximum permissible exposure 
is a more proper term, since man is probably not adapted to tolerate any amount of ionizing 
radiation. An even more serious error is that the “tolerance doses” listed by the author are 
incorrect according to the most recent recommendations of the International Commission on 
Radiological Protection. (Author’s figure : 0.04 r per hour; 1 r per week. Recommended maximum 
permissible dose : 0.00625 r per hour; 0.3 r per week.) This mistake and a few other questionable 
statements in this and other sections of the book could have been avoided by bibliographic 
reference to more recent literature. 

The chapter on fluoroscopic equipment is limited in scope and does not present sufficient 
practical, useful information. 

The least adequate discussion in the clinical section is that on myelography, an area where 
meticulous fluoroscopic technique is exceedingly important and about which little has been written. 

The discussions of fluoroscopy of the larynx, trachea, abdomen, biliary tract, urinary tract, 
extremities and in cerebral pneumography seem superfluous in view of the available detailed and 
accurate radiographic methods which are preferable for studies of these systems. 

Despite these imperfections, many of which arise from an attempt to be too inclusive, the 
excellent sections of this book make its acquisition worth while as a reference for radiologists 
and for others who use a fluoroscope. 


Diseases of the Skin. By George Clinton Andrews, M.D., F.A.C.P. Fourth Edition. Price, 
$13.00. Pp. 877, with 777 illustrations. W. B. Saunders Company, 218 W. Washington Sq., 
Philadelphia 5, 1954. 

This standard textbook of clinical dermatology is designed primarily to meet the needs of 
students and practicing physicians. A considerable general revision since the 1946 edition 
includes much material on new diseases and concepts. 

Since gross pathology is so often the basis for physical diagnosis in dermatology, the most 
detailed gross descriptions of many skin lesions are to be found in such a work. The present 
edition places more emphasis on histopathology, and microphotographs have been added. In 
addition, the expanded chapters on skin tumors and on pigmented nevi and melanomas will be 


useful for pathologists. Conventional dermatologic terminology is used throughout. 
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